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Magia *ox. American and foreign fitms are actively marketing 
Peet OF Eire direction computsr systems. These systems 
az2 2. various stages of d2sign/déevelopment. 
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Omi rar der' 3s primary all-waather fire support asset. The lack 
Sees )«6mOGSrn|h6CUartililery atzalion/battery fire direction 


femeeesse five vears cver =he horizon. The Marins Corps faces 
fem cel Window ct vulnerability at the artillery bat«a- 
Meeeomeec-Voe Untsii MIFASS ora derivative cf MIFASS is 
Meee. HOWever, MIFASS wili not tesolve the fire direction 
problem at the battery level. 
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PLOXY tO measure “he system cost. 
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TI. AN OVERVIEW OF MARINE ARTILLERY 


A. INTRODUCTION 


Shem UD i Gac son 
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mocey’Ss Dattlefteid 2s cheraecterized b 
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of edvanced technology, nobility of maneuver units over wide 


Eaontages, employment of massed firepower and increased 
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lethality. Recent battiafield experience the Falklands 
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and the Middle East has onte again demonstrated the value of 
the combined arms team. The rapid movement of mansuver units 
M@eseseiy Supported by air, artillery and naval gunfire has 
Peoveac tO be the decisive factor. 


BWess2eGalizga*ions that close a2:rF support aircraft arse 
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Mmaicceaesingly vulnerable to frontlin 
current naval gunfire support assets are inadequate have 


Meme =a-eG 2 Henewed  Zecogni= on of the amportance of fisild 
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meee tery. Narine artillery units provide around-the-clock, 
@ULck reaction, all weather fire suppor<c for maneuver units. 
Mme abilicy to quickly mass artillery firepower at <«he 
Meee cal point is essent:al for success on the battlefield. 
Meee Cirect °On is the employment of artillery firepower. I¢ 
Memenrc.S Of both tactical and technical fire direction. The 
Fire direction center (FDC) is the elament of the Gunnery 


Beam W2on which the commander directs the applicatior of 


BeeecDOWEr., This chapter will proviie: an overview of ths 
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jfesseeummana OL dan?Zation of Marlins artiliery, a Sea: 
Sescussion Of =he EuUndamentais of gunnery ave an explanation 


Pee Ct ica. ana t2ehnracal rire direction. 
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eee ar ne Force Manual Lee aly ee, plas 


oan ola om a * . } ee we 
Lanett = a4. Seat wo. < een 
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Artillery Support, Comet ns fie fu 
meecence for Marine artillery. fees dapecses ne Messiah, 
Mepenizat?On and concept 2& ¢mployment Lor artillery units. 
Meaeane artillery has ths fcliowiny generel missions in 
support of amphibious assault and subsequent oreratrions 
ashore: 

[eee =CVid ng fite in SUppOr= Of maneuver ae-ions 4746 as 


Peete Or =< Overd | LlFe Suppor: effort tS tnciusie-: 


Pe Shean omGrlosc 2nd COm==nil9uS fire Support to =sh- 
Sle peseOr Picard ng “sosce by SSeeveeg, heuwicel- 
oman Oe suppressing ese ee ee whics 
Gevoecloe tome logo sekeO chs sSUppoOstecwucit. 

Secon CUCt nidmcouncsctlire Ooperataons agains: cnemy 
PIgrecc "Per = systems =n Crder =s achiev= and 
(eens teem OUD Gus ni Ty Sver chess systens. 

Seo Vindadepel COssembsat by sttacking thecerneny's 
reserves, restricting movement, ovoroaviding Lone 
range support for reconnaissance «linens, a5 
Otsripmendg =h= Snemy’s comnard and cont=rcel struc- 
ture ard logistics systen. 


Pee PSCVIding fi5e supposes planning and coordination re- 


polmaGosua li G mac lgei= seco. all Lovels cf command. 
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ORGANIZATION 


1. Current Orgauizs2 ion 

The OLGanamewe“Chal stometuce of Marine artillery has 
<hree levels of command: regeme=:<2, battalion and battery. 
fegemscsucture of @ BHarins divigisc: provides an artillery 
meomemit aS itS wi he@mpal sowoee sf (Fire support "The 
Memmi lery regiment is organized ‘si#u.nistratively to support 
memo petauwacnS cr the divisicn vila components capable of 
Supporting irnfanziv Tregjginents a. d. ster beweal ons." 
Meet. 12 pe. 4} Tre arviilersy rej.men=t consists of a head- 
MUeecers @€lement {Headquarters sx tery) end 4 @speesered 
number of Dat vai 2ens. pact eed! fon consis vs of 3 
Seeegde= ers 3attery ang @ srermiied number of firing 
battcerics. 

owe) Saeco Geese sce aes ltSs = €o5p5 (Res thieece active 
artillery regime rts end ont tetezrre artillery regiment. The 
Meets satave  Crganige*ion of apbvillery units is e¢stab- 
MeeteG ih the apvapriste fanle sf O3rganizaticn (T/0}. 
mependix B graphicaliy prasents the current organization of 
mms COUL artillery regiments. Ba@a ea=>tillery meginent is 
Seganizea differently. 

Miese ~dairterences in StEuccure] originated in the 
MeoeganizatiOns or Marine artillery following the drawdown 
MemeerenceS a- the conclusion Of ths war in Vietnan. The 
Meee TOLCE Stricture of Marine artillery was significantly 
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me es ches years following Vietnam. The curren= organi- 
Poowene og) «6Merine @artadlery evolved from the allocation of 


woo ibery “UN@=s tO Steiport thes primary mission of 
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each Macune division. fit= artillery Feqimen=s were struc= 
Mic -c Counter the particular threat that each Marines 


ame fFacec. The zntrolduction of the M198 (a 155mm Towed 
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momeceer; anc. the phasing out of the M107 (a 175mm Selif 
Prope dled Gun) Nesmeseadeed “additisnal differences in the 


Sed al iz Lon. 


ye ibe re 1987 Peojectea Force Szructure 
Qe 2G Gectidery 1S geethe midst of a large scals 
meerocr = 22tior. Whew b=O=danization will evolve cver a 
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Meee. C7 Y2arS With a projected completion date of =he end 


Somme j-e “" f[itef. 22 p. 11]. When this recerg 
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Melee cee 2 OD ae 


S@eeeet=. all fcur artiilary regiments will have the sane 


Meee 8 S*SuCTIIre of the thizee active artillery redqiments. 


Mme ceesiS Wwiil address the FY 1987 projected force struc- 


eure. ane evolutionery steps to rezach this structure will 
not © addressed. perch acmeye 2ereilery regiment will 
consist of a Headquarters Battery, Mardee) ACG U1S22 2608 


Bet-ery, and five artiliery battaliois (three direct supoort 
Dattalicns and two general support battalions). 
ComeasoNCrwa =a tl=o= yom Combs= is exercised no= only 


Peeough =he Organizational command ceslationships, bux also 
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Sieougr che assignment of a tacreeai aisston. A Serer see 


Co] 


peaeta:t the #,= Suppem: Tesrponsibiii- 


j4- 


mission describes 
Mmmes assigned “tc an artillery wn:t. the tacticel miesion 
Me=scribes the fire suppoct tasks 2f the unit, @utlines the 
meaponsibili-~ies of the artillery ccnumendst, ani t&stablishes 
Pfeerire rtequest channels. In orzaniizing fer combat opera- 
mors en artillery battalion is asstgned ore st ths four 
Beemieacd cactaical Missions: direct suppert, reinforcing, 
jeamlera: SUPpPOLt or generel support-reintoreinc. { Ref. 3: p. 
B-6 ] 


Leer tT er Vea talaonr’  assignecemte rassztor of 


rh 
O 
Xe 
iy 
Wy 
< 
i? 
(da 
t 
1-¢ 
4 
iD 
‘= 
rg 
wo 
oO 
ce 
tlh 
O 
4 


@eeec= Support is responsibic 


arn infantry regiment. 


mame os™on Cl adiree=s SUDpOTS rezuirses the era len; unit 
momracsi:gn fOtward observers -o, and  =9@c dezeSh close 
[MeeassOn with, <=he supported urizt and #9 ptah e142 deliver 
mee s 27 direct respons2= to ihe needs ot that supvor zed 
on 


Meecep Ret. 2:2 p. 50}. 
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tee. General SUpport Datta lions previtde the force commander 
Weth an immediatcly available source of firepower with which 
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meme f222%gqg batteries. emai x BB.) LThresm5t she firing 


mectertiesS are equithe with the YW101A1 (2a 105mn Towed 
Mewanzer). The fourth bectery is squipped with the M114A2 (a 
foam Towed Howitzer) = 4lil or the batteries have six howit- 
Zecs. Treretor2z a Garcalswen has 2 total of twenty-four 


Mewecge-S (18 MIiQ1A%=2 and 6 HIT4AZs). 
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Meemeas2<¢Cy SUPpO>" battzlicn will consist of a Headquarters 


Meee hy and ThrGs {Lriny Datrerlies. Each firing battery wili 


ay 
5 

en 
rv 
coe 
O 
= 
j de 
vf 
N 
(D 
t{ 
i 
6 

t-4 
=) 
cl 
se 
MO 
{v 
it 
Gr 
t ‘ 
j— 
t- 
D 
4 
het 
3 
wy 
oy 
iN 


Meme Equipped WL=h 


MerPacular “his is rerexrsd to as th: "3 X 8" concept. The 


i 


Cf) 


ae | OC" [SiG OrelyeNopDII cS to the edi rect “suppor: 
Berta bians. 
in ¢ach 


re So m * ae =r. 
MNO Of Cre ee 


“y) 
Ww 
fs 
} 
4 
(i) 
Q 
ct 
(in 
i 
o 
‘FO 
O 
ty 
CE 
Ox 
a 
cr 
cr 
4 
~ 
rw 
O 
a 
— 


Fegimenzt will be equipp2i with 4198s. Pie Eno rd)  direge 


Pmomort Dbettalion in the 10th and 11th Marines will bes 


« 


Same ped with MI114A2s. Ths third direct support battalion in 


e@ewetzeh Marines witli be equipped with M101A1s. As a result 


Serene -2ogoduczion of she M198 and the reorganzecion of 


ZS 





Pe Peeeioo Tn ve lL lomeokeace th 


artillery assets, 


"standard caliber" for 


The projected Structure als 


Gempositicn or the general 


Pelee sue h Beetalwon in each 


= 
— 


ie wel: 


regiment will bp bat 


of a Headquari Battery and 


of the firing batteries 


(a, 155mm Sells Proosiled Howitzer). 


will be Wet h. Samee 


Ge 


~ 
—_ 
_— 


~~ 


SS 


Th a 


155mm as Drecace 


7 
ae 


ry 


DOWEL. 155mm ha 


| 
Q) 


“he 125mm. Inciuded 


1 
< 
(D 


a 
gual PuU=pose improved conventional munitiors 


family of scatterable a (FASCAM). FASCAM 


of two types: the area jal artillery mun 


the remotely activated antitan 


munitions were not developed 


SUPDOEe Ve rcibiery 


me Ler 


e 105mm <_s 


Suppo meme tta lions. 


Oo chang2s the 


a 


patta 


‘ee Nee ey, 


eens. 


egqimenc lee 


(D 


wil 


OF 


sp 


Leeons St 


Bache ete and 


DUN Bec a lion 


=a ols. 1c. wood 


M110A2s 


am 


a 


Geope: on ne 


= “Sanit 2eans 


a 


Sc wh ee: “Se San = 


Lhe ets Mx oss 


ct 


oe 


(D 


(DPICM) and 


(p 


poodece les 


Q 
by 


ion (ADAM) 





Emeloynen= Cl “DEZCM and FASCAM wilt dramaticarly increase 
the lethality of Marine artillery on the battleriela. 
However, this more extensive ammunition aix will 
Pears tficeanitly increase the computational requirements of 
Peeetc=y better y Lite dirseccien centers. The somputations 


nezded to determine firing data for these new «ypes of muAi- 


Bons ace complicated. Generally speaking, tha seluction of 


the gurrery problem for the 155mm if more compiex than th2 
105mm. The 155mmm has =wo basic types of proofiiant and 2 
Meege> selection of projectiles and fuzes to chs from. Tis 


ieomm has a greater rang} capability. Small errere in cenou- 
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the empicyment of the new family of munitions, égainst the 


DME MnGbLlc Sa get stem > dey"s batt lefieler requc res =u-c- 


@aemead asS=-S-ance in crdet to proviie fire support <hat is 
Bespons- Ve and accurate. Theweri com COneecte wo eoulcwe Ls 
greatest at *+*he battery lavei and should be resdived 45 Soon 
meepossi ble. [Ref 4: p. iv] 
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Standarditaz:ion of gunne techniques is accomplished 
i: 12 Zain appropriate U.S. Bea Fisid Marzals cf the field 
artiliery series (FM 6-). These nanuals are approved for 
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Sf Urgency send 
Seprentcily strive to minimize the total «ine needed <o 
executes arn erfective firs mission. PRete Of: . Ds tet 


MeeeogsiVe fi 5S SupDecrt is critical on «eday's battlefield. 
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Fire system. He detects and iocates suitable targ 
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Meer ec. C12 Systems w2thin his zones of observetion. To 


engage a *arget, he transmits a Call-For-Fire t> the FDC and 
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when necessary adjusts tha fires onto the target. Th FO is 
meoapens- ble | LOL Providing surveillance data on all fires 
delivered in his zone of observation. 
Papeete ne. Direct2zon Center 
Pre artillery FDC is that element of the artillery command 
Mest (CP) that consists of operations, intsiligence and 
the necessary communications personnel and equipment by 
Mewcn Ne ar =tilsry sommander directs artillery fire 
Mmpeme is De 3-5 j. 
Pac Cla aveiges 2 NECEMaceOh COnkained in the FO's 
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fimeyo?7 there waS a Merked change in ohilosophy. Ths 
fede y COMMUNIty recognized the computational accutacy of 


1 cases 


}-? 


FADAC. The current FM 6-40 (p. 4-27) States, "in a 
FADAC =S more accurate", Artillerymen now looked at how thev 


@emea meke “ne graphical soluxton agree with FADAC. Manual 
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backur agnimgies Were g2veloped fer periods when FADAC 
became Acnoveraetiomai. These technigues aliow the transfer 
St cut Doe SSO Benuial procedurss without a significant 
loss wn Speed or accuracy. 

The use of FEDARC-Manual Integrated precedur2es is known 
as the “Fastest Netned". The Fastest Method is besed on 
desenereiized technical Eats gegess ec 20n. t+ mae kK -=n= 
Pemeiie=y community @wer Fliteen yzars tc iully integrate 
Meme sr TO the fire Girection systan. 

me, White the Atmy has mads some progress in integrating 
Memento 2te ~eganical fire direction overations since 
miewt=aq (970'e, =ne Marine Corps has drifted into a situa- 
Ti0H8 WRErlt SOHNE UNTIS use FADAC with one software prodqran 
(Yeegioc-on 4), some use 12 with another (Revision 5 oF SA), 
eee | Orme EN ons use it at alil- either because FADAC 
meow NUCh cfec@hie =O Haintabn or because they feel more 
Some tab l= ways che mamaael solution [{ Ref. it: p. 61}. 
acne S 8 nce Omen on, Sie Maeqeomlcy Of  MNerine 
attiilery batteries heve aot achieved, nor will they é¢ver 
genme@eve, =he full pesential of the integrated FADAC-Manual 
SYSTER, Toes O Plc 2s based on actual experience, inter- 
Views and tasearch fer the thesis. It is interesting to note 
Meee SOTSC Detta#lions/betterics still zregard the Menual 
fees? 2S the priftiaty source of firing dar:2. 
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Bercuiatcr (PHHC) as 


ooo evans D  CLAGCULATOR (PHHC), FI-59 


emphasis cn responsiveness spurred the artillery 
and development community +9 evaluate the possible 
of a commercially availabiz Programmabis Yand-weld 





Extensive evaluations of the hand-heid calculator's poten- 
tial with magnetic card programs were conducted py <+hs 
United States Army Fisldi Artillery School (USAFAS) and the 
meted States Army Field Artillery Board in 1977. The 


results were encouraging, Dice tmew trad le Pacure of the 
magnetic cards and the unpredicatable reliability of the 
@end teader lirizted ths HEC's field application. At "one 


same time, however, the Gonmowe== =pdustry had 2zniuzoduced 
programmable medules with sufficient memory capacity for 
somprehensive appiications without reliance on magnetic 
Beards. fkef. 15: p.8] 
OPraprogrammed memory moracles were the key technological 
advancement in the adaption of a commercially avaiiabls 


ee cu latcr. 


meus 


D 


The development of a PHERC received additional ime: 


( 


2 


when the U.S. Army Armament Material Readiness Command indi- 


t 


meamecd, “chet =he Capability +o legistically support FADAC in 
memeioS0*sSs would be doubtful". ([Ref. 15: p.8] 
The development of TACFIRE was behind schedules. Since 


[rerke Gid not extend iown to the battery level, the Army 


waS being develofed as an extension of the TACrIRE system. 
The development of BCS was also behind schadule due to 
Ber2cus scf=ware problems. If FADAC logistics support failed 
Memeec ohne fielding of TACFIRE and BOS, Azmy field artillery 
SemeceilOns/batteries wouli kave to rely strictly oon manual 
Mee CiLfeCt*oOn procedures. To preclude this possibility an 
accelereted deve lopment/procurement program for the PHHC was 
mec ated. 

The PHHC was never intended 2 be a teplacement for 


FADAC. 





It supplements the existin PADAG Manual t2ss cliggeeicn 
Svercom, DY SiMOlitying gunnRery COmpucatienal wroceduzes. 
During periods of FADIG nornavailabil ite norer <b: iw 
(movement, lone gun 2perations, hip shoots}, the caicu- 
lator can provide the primary source of firirg date. ie 
91so0 expedites and simplifies HB/MPI registration prace- 
dures and concurrent /subsequent Met BDL aCe oie 


Beet. 16: p. 1-Aj 
The PHHC was intended to be an "FDC tool" for increasing 
Myetail resoonsiveness. It does not have the capabilities of 
BeDAC {mass fire, nonvolatile mamory, -arcgqet storeys 


Seaeclt.y, Shell fuze flexibilicy, 3490 mil accuracy). 


The PHHC is a commercially available Texas Inszrumen* 
eget 59 (TI-59), fies ly edapred «LOr Gcsamenr gunnery 


epplication by incorporating preprogrammed temory modules. 


SkCUmpeyratuw IMestNheal Tschatqeabt= Satsveey peak. 
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i= 2S Do 
Meanqers and adapters for 2xternal powsr souve$s (AR/ EEC 7” 
radic battery (BA4386) and 12 volt vehicle pattery) ar: 


meoy@daec +o extend “he battery pack's iite and prolong oner- 


Serors «ime. The Panes keyboard allows “for Gave emmry, 
Ser. rOo, Of calculator funstion, 29d provedes — for Rute g ss 


j ’ 


Meeeotay Of ten digits. Two prog 
meauered to accomplish all fiesid artillery gunnery applica- 
morc, A Unigue teapon system chip provides firing data. Ths 
Meco al Situation chip is common t> all artillery ‘wezpon 


By>-ems. It centains Metesrologicai mathematics, Terrain Gun 


pes ition GCoreections and Spcere (COBTeeasoOns, Joint 


Pape tions Effects Manuai/Surfacs 20 Molbaace “Esti ne tes, 
Mexeat <—ntliernolaticn, 4.5 gunnery ed Rockst Assisted 


Meo ject_ie (RAP) gunnery for 4114Aa2/4109A1. 
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Daemcunne=y SsOli ee [Onvree wey the PHHC is a tabular 
meer nge table (IF stendari Sergi t2on solution. Th 
Ballistics Research Laboratory, Anoeterden Proving Grounds, 
Memvilend produced <aHe curve £232 equatons using second 


dergee polynomials, mer fi ease age.a bYethe Least squares 


method. Dine Clima ae SOG Giese an le DProx2mation which 
Meetaliy agrees with the PFT eclultiin but may vary 2s much 


Rai aces rind O24 second fuze 


Beet ng. These acctiracy recuirements are met only within 
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@eecain Tange intervals toe each prs 


@eeve £°:t ittervalis. in the determanation of site, the PHHC 


fmeerewgrn =ne Calcaleator'S sciutist. 1S not aS technically 
Mmemeect as the ballistic £@lutton provided by FAaDAC, 
Mecring Or BCS, 2t is more *¢ecure*.e than the manual solu- 
meen. Uniixe FADAC, =h2 PHHO cétn>t aitcmaticaily compen- 
ewes tCr nonstandard conditions. Reo ft De ll 
eter e LON CCD ZEC-1ONS C2n be d=termined and stored in ths 
PHHC. 
Phe PYHC was fFie@ided by the ArAy in 1980. The Marine 


[Meeos Purchased 338 PEHC sete f Ret 11: 0. 61]. Because of 
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MeerPHHC's istmited capabilittiss, i 
Mmemeacement for FADAC, but it Hoes sontribute substantiaily 
tO the effectiveness and versatility of the battery fire 
Meee 10 center. The PHAI's greatest application is at the 
battery level. "The calculator neatiy comolements the weak- 
nesses of manual and FADAT systéms, but has weaknesses of 


: 


Meo OWN that ere well covered by the current systen." 
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Meet wee Pp. 24) 12s major limitations are the inability to 


Bess tlesc, limited storage and mamory capacity, and vola- 


+ile memory. 
eee @egquisi ion of che PHHE did demonstrate that an 
off-the-shelf item could be quickly adapted for military 


EBoquzren=zpesThe PHHC is 


CH 


application in response *> an urgen 
Beehon, COs. alternative method of compatation with "“accep- 
memicnccouracy acgqnpadation™. The FY1982 cost of the PHHL 
Meet te. Set was, $310.00 and theerost of the individual 
menorv wicdules was $46.00. Pen ls Dee ne PH AGes Ss 


Merme Utigkizec by Marine artillery units. 


ioe TNtEGRATED FERS AND ATR SUPPORT SYSTEM (MIFASS) 


* 


= 


Meeeeeoo vali CCNSist of staf o®FjJanization and standard 
Jpere-ing procedures assisted by 2 réeai-time dispiay and 
PVLormation orocessing system that is designed tc more 
eee tet ly emcloy supporting arms 2f the division, regi- 
Memecoame Datztalion echelons of the Marine Air Ground Task 
meeece (4AGTF) [Reft. 19: p. 1]. 
Beomo.y stated MIFASS automates the processing of all 
Mmee= SUSpOrTT requests (mortars, artillery, naval gunfire and 


ery. =* is an automated systen which incorporates <=zhs 
Memeeoe  SonnoOlogical advances in information processing and 
Ges play equipment 0) COoedsnea=2ng and €on- To liang 


fieper- rg arms' fires. 


NMErASS integrates the tasks and functions of ‘the Firs 
mee port Cootdina*ion Center (FSCC), PHC ep Teco AT Suppor: 
Center (DASC) Se ONeemIneGeroNS (.5F “the ~artiliiery's Fire 





ime GcomeGenter  (FPG)> MIFASS 2S expected to faciliitats 


cn makin at battalion 2nd higher headquarters. The 


f+- 


S 


j-* ° 


dec 
ultimate goal of MIFASS is to improve thse mission response 
time of all fire suppor: systems. An Initial Operating 
memmeetacy (lO0C) £or MiFASS is curcently projected ‘for CY 
1987 fRet. 4: p. vil. 

[eee OLogenatead =f 1966 when it was conceptually 
Meeenedc by che Stanford Research Institute in the final 


mpors Of ~he Marine Tactical Comnand and Control Study 


4 lu 


Memeeecs). The MTACCS Conse pt evolvet from studies conducted 


Meme 1965-66 =O dewermine the feasibility and practicality of 
Seow ying new technology to command and control of Marina 


Bemba: forces. [Ref. T#: p. 9] 
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functionaliy oriente 
L2yY Of equipment, oper 
2s, and ee ee 2d a 
ations system [Ref. 20 


[The concert envisioned a family of 
Systems, bound together oy commonal 
as 


2tionai procedures, ani détza b 
necessary zhrough common communi 
De | ie 
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The General Operaticn Requirement (GIR) CC-9 Gated July 1967 
Beeagi-=hed =he overall raquiremen= “for MTACCS. MemaSo Ss 
one crf the fundamental subsystem of YTACCS. 

A critical management issue 2+ that time was whether the 


Sees )«6©6TACFIRE)6€6©6ccould)6«6©6be)6€6used06ut3)h6CUsatisfy Marine Corps 


Mmeglerements for MIFASS. PHemm ar ne Compe decided <=hat 
MeertRE could nct satisfy «he requirements. TACFIRE was 
designed solely *o improve the employme Om Meo Ge a oaligee sy cps 
MeomenOot able to <intecrarts ani coordinat ali of tks 


SaepOr sing arms. Additionally, it did not meet the size and 
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was not retained 
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system tne 


facine Corps 


ionary design based on 


meee .pec was established ir 


Marine Corps Development and 


technical assistance provided by SH8uches 


Meme teGort7~act to Naval Electronics 


T45% bed provides an operational 


systems so zhat 
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The Advance Development Objeczive (ADO} was 
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Meee) 1973. Ses 1 f peda 7ed 
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MIFASS aés CY 19280. When the MIFASS kKequired 


Seni) 


Sepebiiz=y (ROC) was published in August 1975 


Beeempeca <O CY 1982. [{Ref. 21: 


Dp. 
September 1978 Hughes 
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Betial cdamemcpmene C2 raAsSS. A revised ROC was pubiished in 
wey iIS¢e. Sin Seprember 1979, the Norden proposal was 


pproximacely $30 
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melt on GCowcract {Gc nrpacesed With engineering development.” 


(Ref. 22: p. 433] 


Mire Maeene Comps comaisctee a major review of the MIFASS 
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jmescit oO 
m—gu_remer=s, ilfeact #nm mobility, and cost and :cheduls 


overruns The ewer: GG me, (LP RSS, PEo@geren 


completeG in April 1982 paresents the findings of the work 


Onmem~os Ger po@sibl= courses Of action. In 
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Meoup and 
Bee 1952 a cecisich Wes e“eackhad #59 tontinue the development 
Sec ne AIFASS 


Memorandum (ADM) ole ora) 
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tis 
resulted from tne 22 Decetber 1981 In Srogress Review (IPR). 
fret. 23: p. 17 

Thes thesis assumes that ALFASS (Oz a GCertivateve oF 


M@EFASS) Wem ee bong weests Solution for tactical and tech- 


e Sue hee em a ON tee ae wet eo -= - BS * = *. 
Mafeee Tire garection at the artillery reociment and bat+a- 
- =~ fl aie - —-—s = taal Tie ed = -_ ~—- = 
Mees Opsrationéel <esStiwy and evaluation cf the MIFASS EDM 
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March i984. [{Ref. 24] 
Peeeoo chd TACFERE will be interoperable. A Memorandum 
Bye nacestanding has been entered into with the Arayv 2 


EMSULrS en appropriate MIFASS/TACFIRE interface. 
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As previously @i2¢@ss¢3, “IPASS ind TACFIRE are dtsiqned 
to meet the requitemernts cf hettalisns and higher hesdquar- 
Mems. Beth SySteéms C8n previce firing data for the firing 
Deere ss Of a2 ELatiaiiou. However, they do ast allow for 


autonomceus battery operations, uring the development of 
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eeency. The Army 


Community realized that an extension of TACFIRE which would 


as 


ions was needed. This 


q 


allow for autonomous bat tery opera 
Meme zation lad to the davelopmert of the Battery Computer 
eyocem (BCS). 


The MIFASS aces + Vine Mere dizection computer or 
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Meemenal at the artillery batzery imvel. The MIFASS requirs- 


ments called S95 “2 Psqail harae; eid calcuilatoz> (Fire 
Meemecr. OF /Survey Caiculator, FO/S7 | a he bavtery level. 
Mpemeiatane Corps réaiized chat the c:iginal MIFASS FD/SC did 


it 
(n 
O 
Ih 


noize mee=~ he computational wvedurrpemen = pemwr oo ng 


Bee.erics. SINGGweree8§es Gla Oc provide for a separate 
Ea@menced computaticnal capability at the firing battery 


meee, he Marine Cerps parsticipatsi in the development of 


Bes. 


fmeenl i SRY COMPUTER SYSTEM (ECS) 


Me Romy Cegards the BLS es the replacement for both «he 
Bee (et the battery livei) and «he TACFIRE Battery Display 


Meee (5DU). The TACFIRE 3DU has no mputational capability 
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mice Cun. 22 Can receive ard display fire commands deter- 


ba? 
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Le THC EIRE computer located at the battalion FDC. 


Poe GIanery solution idatermined by the TACFIRE computer 


mmeepe mer y center to target center solution. This solution 


Gees 40% jtake into account individual weapon locations or 


Vepeimecemeth= ETACrIng BDU 2S @ throwback to the 
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Slgeedecaotaye and automatizs data prosesssing (ADP) thinking 


Bia wes wm effect when TACFIRE had its genesis. mHei«e, 25% 
wee } 


Meer kr onal testing ci TACFIRE, tha Arvtillary 75 Study, 


i 


feet cee Kine Studv and the series of Helbat tests recog- 


nized Ani estanlished the requiremant for an enhanced compu- 


eee te! «capanidicy at the battery level. It was also 


4 


Moemete ZEC thet the TPTACFIRE solution would nave to be 
ened 1.2 consider individual weapon iccations and indivi- 
Quai aim points. imeevad del wWeepcn COL=ecrzcne ailow for 


Meeaee Feioon dispersion which incre2ses survivability and 


Demme i] be 72ST targe= coverage. To correct these operational 
Ger -clercies, BCS developme W252 eer =o ee eS ns 
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an automated data processing system which 
Bros Vides tne firing battery with high sveed two-way digital 
Seeman Cac1Ons ard interfase with TACFIRE. BCS is composed 
SeeeenteG MajOr units: a Battery Computer Unit (BCU), a Power 
Peseeibu~ion Unit (PDU) and Gun Display Units (GDUs). The 


Same witeline interccms betwetn <th2 battery FDC and the 





Seumonrsect.Oons “are replaced by the GDUs. The GDU is a2 
remete display unit which interfaces with the BOU and allows 
Bebe fit:ng data <tc be displayed at the cannon section. 
Megetal data are transmitted via wire or FM radio. A 
Sempiete technical description of the BCS is provided in 
Chapter Five. 

Peteyse  2n the development of MIFASS and «the urqen: 
requirement to increase the responsiveness of artillery fire 
Suppor= caused the Marine Corps in 1976 ‘to consider ths 
memes. -.0n Of a'"near erm" replacement for FADAC. The 
Marine Corps desired a replacement which could be used as 


mie ceg- ment, battalion and battery levels. 


[rece cOgnition Or the naed to replace FADAC, 2 proposed 
Marine Corps FOC for an artiilery compu*er system was 
published in April 1976. A work directive was promulgated 
in September 1976, Gece Geo Le oO explore Var ous 
Pemlsces fob prcviding a follow-on jJevice. [fRef. 26: p. 2} 


Meeene Same «ime, £hS Army was in the process ci initi-~ 
memmog <ehe BCS program. The Army approved the ROC for BCS in 
Beeoouer 1976 and made a conscious decision to apply existing 


Sempucter =echnolegy to solve the problem. The Army's deci- 


Sfon to use the existing computer technology permitted «he 
immediate initiation of full scale zngineering developmen:. 
Nerden Systems was awarded the contract for ths fabrication 
Seecne EDMs. 

Mme Marine Corps decided that the BCS program offered 
the mos= cost-effective approach +9 mseting its "near tern" 
requirements. The Marin2 Cerps planned to usé the same 
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PGreware as che Atmy £or the batters Pevel appigcetion, and 
memc@evyelop a modification of this software fom use at the 
battalion and regimental levels. Me taocney) ns Army 
program manager approved an Enginzerinrg Cheate Proposal 


Pwo cme  CCEPOraced Ene Mat=n2 Coztps Sori#ate require- 


- 


feoeseen=2C the basic BCS tomtract. ‘ “ert. 26: Ds YZ j 
The BCS was rushed int operatirynal testing and evalua- 
mere tHe BES completed the Army OT II in Mey 19°93. oT IT 
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had to be temporarily suspended because cf soft wire 


and additional «esting scheduled *9 ensure the ‘flelding of 


am acceptable product. Over 500 software Geficleicies wets 
Mens atsed during the dsvelopmert and cperatisa#vi testing. 


Meee Ot =hese déficiencies were ‘nuown prier to ‘tae actual 


commencement of operational testiag (OT IT}. 2he Army 
Memeaea ~O© adhere to its self impos2i funding rc.straint and 
Meee de es = 2-0 OT [TT without cotresting =he Geéticieinciées. 


Mees. 27: p. 280} 


These software preblems were in +he pastic natvuery level 
Seomeeca7On. The unigue Marine Corss software modifications 


had not been fully developed. 
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mere initial operational tests condu 


CeOnmecomi th 1o) oF had 
Verv negative Tesulcs. fhey shows : n 


a= BCS did noz mes: 


many or the operas lonal requirements SUGi aS a2ccugacy, 
mamercperabilicy, reliability and naintainability, and didi 
Mot provide an improvei capability over existing equip- 


Meme. [RetL. 295 p. 2} 
Mmemmpcacly '979 MCDEC Sonzractad with Potomac Research 


MeeoepOre ed £O conduct 42 study of aiternative replacement 
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1. The Marine Corrs procure 2 system based on <the 
Mecnayox Fire Support Team Digital Message Device 
Gece SOND) peor EGibzgva leet, 25 the FADAC replacener=. 


2. The Marine Cozps procure tha PHHC and appropriate 
peripherals. 

Pee the Marine Corps requirements and intentions be made 
iG —O She Remy nricr £0 the development acceptance 
Meteo Semeauies: tos Amgusy 1979. 

4. The Marine Corps review and revise as necessary ROC NO 
Sere 06, tesesar \Asecillery Computer System (ACS) zo 
accurately reflect current Marins Coprs requirements. 

Recommencgations 2,3 ani 4 were followed and appropriats 
acticn t2ken. 
iepe “Nerine Coros toe#laliy withdraw from the BCS progran 


Mepeeetoe (79 HDeGeuce a Jissatistaction ween BCS"s ability 


Gemeenttelize battalion mee sGeeect too ehadg# 2s “high cost." 


(Ref. V1: op. coj h2 Report 9S fhe committse op 
Peers pris icons erovides fvur specifis reasons for the with- 


drawal. Tae Gecisicn fIcz withdrawal was based on the high 
Peee-ecmen= costs ror a Harine Corps-unique battalion level 
Peegrem tape, ccncern over software deficisncies and devel- 
Opments in cechnology whith could provide a smaller, 12ss 
G0stly, and more adaptable systen. 

Mhe problems that BIS experiensed during OT IIT were 


Sclvyabie. In Aprii 1980 Norden Systems was awarded a five 
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vome,euuici year COmtraect tor 657 systems. Full scale produc- 
sion and deployment was aoproved by the Army on 21 May 1982. 
Daployment to USAREUR is schedul2i1 to begin during the 
emicond dlcrcer oO: FY 83 concurtent with TACFIRE fielding. 
CONUS unit wili commence receiving their initial issue 


mitmnge cn] third quarter of FY 83. (wRef. 29: p. 22] 
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Nemden Systems is currently producing the 8CS as ec 
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Pyaeene mult: year contract. The Marin Corps still has avail- 
meme ean Option to buy 330 8CSs in FY 83. The option ¢xpizes 
Mme April 1983. The final contract option date for addi- 
meeea! BCS vrocurement is 30 April 1984. However, the Army 
projram manager was rot sure if any BCSs would be availabls 
eemeene Matine Corps from the FY 84 final option. (Ref. 4: 


p. 7-Aa-B-6] 


Seer PL LLSRY COMPUTER SYSTEM (ACS) 
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momo cecSUle Of j%2h= Gdecision to ean ae Sev ene ee 


program, <=he HOMC Sponsor (DC/S PPEO) e2g.) 2ne- Ue= =e rer. 


Development Center (C3 Division) pegan a2 comprehensive 
Survey of the fire direction computer alternatives that 
could meet the Marine Corps requirements fe a ae ser y 
Sempuce> system (ACS) [Ref. 30: pd. 1]. Amo eeposcad ReVas OL 


or Required Operation2zi Capability (BOC) jose SA Ve 0lb:. 
Artillery Computer System dated 12 March 1979 was drafted. 
I= outiined the urgent need for an artillery computes systen 


%O replace FADAC and proviie Marine artillery with state-of- 


Mee aru COMPUTEL processing cf technical fire direction. The 


54 





Nem@e@ecmGc=ps had Made a G=cision tO procure state mi-the-arm 
technology instead Oa existing technology. Plogtank 
Maseciation 2t Milestone I (Demonstration-Validazion} Was 
approved on 3 August 1981. 

MECOLGiNg, ©<O the ADH, the ACS must be a Ligh*weliadhz 


(under 25 pounds) system which provides ballistic comptta~ 
memes ard applicaticn of nonstandard badlistice deta for 
Bigaviduel weapons at the artiiier battery levei. The Acs 
must use the command, SONtrol ard cCcmmunicazions systens 
(wire/radio) inherent ar the artillery battery level. I: 
mereemai low for the transmission of firing data ¥ia wite or 
meee o T-Om the FDC to the gun display units (GDUs} located 
meecne irdividual weapons. 

Re acquisition stratagjgy envisioned buildfag upon o*her 


service cevelopments to “he maximum 2xtant feasible in order 
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Semen es Sttategy the Magrnavex FIST DMD, which was being 
Geveloped for the Army, was the nost promising caniiaats 
System. The Potcmac Research Study had strongly reccommended 
this system. The develooment of the ACS is categorized es 2 
less-thar-major program for management purposes. 

The MIFASS Review (April 1982) 2ffected the development 
Seeecne ACS. Piicomwertay Ne CeterMminea that the fire control 


problem was greatest at the battery level and it needed to 
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be resoived as scon as possible. It recommended: 


imecge, aS 42 Matter Of Driority, HIMC expedite development 
and/or procurement Oi eee Poe woes y Ears 2G eC-.2 On 





Sampuce=s.) bo Chis end, 2:2 azrt=lieey computer system (ACS) 
program should be acceisraetsi; its cepabilities tested as 
soon as possible; Segmecosiaehi=-* of ACS or the Batter 

Sonpiter System (BCS) #®eqgin de Reis U2) ps, tae 
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The development of # rtapnlacement system 
be accomplished separately fErem tne MIFASS development 
PaeoGee Tne ACS ROC 
Beees plens ON acquiring 281 ACS=@ (167 .n FY 85 and 220 in 
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fmmeon. LReE. Siro ps. 1) The ACS Will Se procured for all of 
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pijpert ~he “3 x 8" str Peace e Supper. 


meee riery battalions. A battery in meee] Suppor = batta- 


s! 
240 


[Meee will have two computer units, one fcr cach platcon FDC. 
Peewee Onal systems will be preciursse for formal school 


Traaning, prepositicned shipping, spares for a maintenance 


Moe wuly W982 the acny ek pressed an interest in the 
meme COrDSs ACS as a possibile sunstivute for the BCS in its 
Mierewirran cry Divistlions. fhe BCS 1543S not meet the mobility 
Beqwerements ot these divisiens. [Ref. 32] 

The Marine Corps nas used the existing Army FIST DMD 
Seamer ac. With Magnavox <0 initiate development of the ACS. 
fes0 6°AUGUSt.6U1982, Meme vexc s sUbDM2tted ~ en unsolicited 
Beeposel for =he United States Marine Corps ACS to the 
Commander, United States Army Communications and Electronics 


Bemmenag (CECOM), Fort Monmouth, New Jersey. This cemmand is 


Managing zhe acquisition of the Army's FIST DOMD. Maaqravox 
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propesed «+o perform Phase [I development of the ACS in accor- 
ence @22h “me Marine Corps Statenent of Work, Gated 27 


d cost of Phase I development was 
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Rugust i¢@#2. The estimat 


$566,462. Magnavox's offer to perform was mad@ on a firm 


MeOe ees is Legquared =o provide fsur Artillery Computer 


Meese t ACs; <0 the Marin= Corps for testing in FY 1983. The 
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feral cost GC: NemrOlcrAces Wes $320,466.° Gun fontrol Urits 


(GCUS}) were not included in «he Phasa I requirement. The GCU 
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2S composed of a Section Chief Assembly and two Gun 
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Assembiies. Magnavox is providing th> Marine Corps with GCUs 
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Meee Gercrip=ion Of the Magnavox ACS is provided in Chapter 


Peer Sec he ACS as scheduled for January 1983. An IPR 
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Meeeeaew the rfresul=zs of OT II and recommend a decision 
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regarding tulil.sz scaie development and deploymen+. 
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Thos chapter nas provided @ historical overview of the 


develovmert of Smeedeery if27e direction systems. le 
peee=Sssen che transition from manual fire direction proce- 


memes =O auicomated fire direction. The next chapter presents 


MePeGUTTEN=t Status of fire direction in Marine arvillery 
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IV. CURRENT STA 


Mmm ee GCUlG ticst know Where we are and whither 
tending, we ccuid better judge what to do ard hew to do 
me, * 

Ab@paham Lireoin 


fee LNTRODUCT ION 


The factual determination of th status gud is &@ basic 
requirement of any analysis. A ovroblem statement cannct be 
properly formulated without 4 claar understanding of the 


\eoueCurron.t Seatusc Of 
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tatus quo. This chapter astadlishes t+ 
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Meee G.rection in Marine artillery unics. Lae Cues. 
status wes determined basad on data provided by artzillery 
Regi:menzal, Battalion and Battery Conmanders. Questionnaires 


ani interviews were used to gather relevant data. Inputs 


iD 


of 4 new pattery level fire direction computer svsten we! 


meso CcOor:lectead. The data were “tabulated and analyzed 
Meeord:nrg to the level of command. This chapter presents 
separately the responses of the different levels of command 
regarding the Cie ren. Sta cus ae fire dsmeeri ore 
mee =sonelily, she chapter summarizes the input from ail 
levels cf command in order to present a general view of «he 


Status quo. Having established the status quo, the chapter 
defines the problem this thesis addresses. 
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Bae DATA COLLECT ION 


Pmeouly 1982, this author obtainsd tn= perwission « 
four artillery fegimental Commanders *5 conduct 4 ¢ 
memt@esd' 10g the Clrrent status of fire Girection. A 3 
questionnaires was develop2d to gather the reguired int 
2 oe The questionnaires were specificaliy desione 
Parallel «he three levels of command. The questicnielts 
the tabulated responses are provided in Appendices I, 4 

The questiornaires were mailed «to “he Regin 
Commanders on 30 August 1982. Pie Ssteov da nes 2or ah 
Paccaiion, 12th Marines were Mailed ditectiy to 
Battalion Commander to save ma@ii tise délavs. tris 
Mailing, the questionnaires were separated into Ee 
battalion packages. The B2 cis on gles On Te . = ee 
labeled with a randomly selected ietter designator. § “%e 
questionnaizes were labeisi with the Battalion Letter d 
meet end @ number (for example K-2, see the iast gf 
the Battalion and Battrey questionnaires). 

This labeling allowei data to bt aagreqat2d by ob 
ion. ii Order “=O pres=a=zrve anonymity, “he @eeqinT 
Commanders randemly distributed Soo eee 86pac 
Men their regiment. Battalion commanders tandomly di 
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Meeed <cwne Battery questionnaires within their 

Commanders were asked to complet] tha questionnaire within 
ohne week of receip=. A selt addressed return envelep 
Provided with each queszionnaire. All questiornaires 
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Metled GC:receiy t0 this atctnor’s Naval Postgraduate School 
aGdress. A d#zdline return date of 20 November was ¢estab- 
Jished in order to alles sufficient time to tabuiate and 
analyze the respenses. 

Questionnaires were s2int to ail Marine artillery comman- 
Memon in the current ferca ftructurs {active ard reserve). 
Meee CUTTeN= force Structunc has 2 total of eighty-one 
See tlery commanders. Tavole = presents a breakdown of zh 


humber of auestionnaires returned by the established dzad- 
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Bere lon cf Number of lumber of Psrcen zag? 
Command Commanders 2esponses Mer wea 


Regimen 3 uy 100% 


Battalion ved 16 94.7% 
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(eee ene cime this survey waS conducted a2 significant 
humber ci Marine artillery units ware deployei around the 
fame ©£O SUppOrt varisus commitments and participate in 
[ieeeanac Onal exercises. fPhis author received retuszns fron 


MGacs deployed tc Norchern Europe and Korea. A 77.8 percent 
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Two reqiments 
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ever 


she Manual System as the primary means 
was identified 
associated with FADAC which caused the 
The regiments haves 


feomtew Dares tor. FADAC. 
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Cizcuit boards and memory disks ware icen-i 
primary repair parts deficiencies. 

All of the Régimental Commanders indicated thet they had 
adequate resources to train the FDC personnel in tne oOpera- 
mom Or the PHEC, TI-59. Howewmer, ali recommendad trae Fort 
wei 6ShOuld allocate more instructional hours te the PHHC. 


Me PHHC is definitely being used by «he three active 


A majority of the Reginentai Commandars stared that ths 
metal cOomputati@gn of firing data produced the laraest tine 
mane ame M2 SSiOn processangj. This answer is rot surprising, 
Mersdeoreghe fact that over fifty percent of the unica stihl 
use the Manual System as the primary aethod cf deteraiming 
menpeng data. 

The Regimental Commanders did not assign 2 very pich 
Mereng =C =he importance of fielidiag anew bdacrtery level 
Ber] direction systen. SBDEClLE.Cc WELttSsr. Conmenwy, stated 


mmm tc ShOU'd noz= be fisided until 2 sufficient: number of 


Operatcrs and maintenance personnel have peen preperly 
trained on the new systen. The Regimentai Commenders 


Tenember che numerous preblems associated with the inrzroduc- 
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ion of FADAC. They want to Snsure that the problems associ- 


eed Wich =he introduction of any new computer system are 
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Minimized. They indicatsi that th2 naw system 


capeble cf operatin from battery and generator powe 
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Mimeercpnaliy, <=ztey indicated that the capability to over 
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joaom Seandeare daze son powsr was a highly desireable chartac- 
meapistiec fOr a new computer System. Comments indicated that 

M@mes feature weunid greatly facilitats FDC training and 
reduce cperating costs. 

All cf the Regimental Commanders identified reliab 
memene Mest impcctant characteristic in the selection of a 
rew battery computer system. They want a systen that works 

ritctern ccmments indicated that ‘the new system should be 
easily maintainable at the user lév)el. A majority ztesponded 
that the new system snould include the automation crf the 
transmission of Fire Commands to the guns. Although ali the 


Regimental Commanders emphasized the decentralization of 
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Meernicail fire direction, a Majess=y 2“rndtcated=s naz 


battery compuzer system should have the capability <t9 


AL eoe Cymer Or agi. ft: ring 
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Me@eo=m cen<rala zed technical fir 


Peewee = les in a battalion. 


Meee LHe BSATTALL CN COMMANDERS! VIEW 


Bpperdix 9 provides’ the sanpWleced hesuins of =he 


Batztalion Commander's quésticnnaire. The Battalion Commander 


MemeeespOnS* bie mcr deciding how tachnical fire dirtec*ion is 
exercised in his battalion. The Battalion Commanders uréeni-~ 
[esol y Supported the decantralizeticn of technical fire 


a 


Meeeecct.Orn. The primary method of determining firing data i: 
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the Battalion FDCS is the Ménual System Aol eee Mieraant 
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Seeelicty battalions hav2 a FADAC capabili<y. The tr 








Dettalions do net wee PaDec. All five reserv2 battalions 
responded that the Manual System was the primary method for 
feamer mM nong L2earg gete in thebhattealion FDC. This tends to 
bias the overall results. However, without the reserves no 
System «merges as the prinaty zwethod. The active battalions 


were evenly spiit between the 


The 


thre: 


ue 


systems. 


SetemsteUuation Prevails in she Kattery FDCs. The majority of 
Meee lzons have a current Battalion Gunnery SOP. The 
Peemmary method cf determining Ezring data in the alternate 
battalion FDC is the Manuai System. 


Mee cuesti¢cnnaires indicataa 


read 


f-4 


that the operationaé 


Mess Of FADAC is 59 percent. The Potomac keseartch Study 
emma that =ne cpertationx!l of readiness of FADAC was 57 
Semesent “Nn January 1979. The FADAT operational readiness 
based on informa*ion obtained from HQMC was 79.7 percent as 
Smee Oc~ober 1932. The YOMC was extracted from the Marins 
Intergated Maintenance Manaqenent System (MT4MS) CScerds. 
Meet eset ves have rot been ircotporated into the MIMMS. The 
Meme Gata dc Roe = reflest the FADAT assigned <2 the reserve 
Hoe cs . net. Sommers this “ai@men'’s Dpinion, =h]e survey data 
for FADAC provide a becter estimat> of FADAC operational 
readiness and ccrrectly identify th2 major problem areas. 
The average FADAC downtime is greater than sixty days. In 
Meese auchor's opinion, this is totally unacceptable. The 


ealzcon Commanders’ 


written comments agree with 


Regimental Commandecs, 


those of 


thag the tack of replacenen* 
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G@eevleetoa-ds aNd memory d2sks is the primary reason for 
the long maintenance downtimés. FADAC Repaitrnmsn WIOS 22685} 
are ail assigned to the Regimental Headquartecs Battery. 
With the execption of the reserves, Geel liery Ueeece ars 
Meeag une integrated FADAC/Manual System. fhe battalion 
FDC 's proficiency with FADAC was rated as average. Battalion 
Commanders agreed with tha Regimental Command2rs that che 
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level of Paneer AADAC OPStaeoesS iS the Most SSrlous 


problem erea associated with FADAC. 


Mee Da -talions are a2uthorized ths PHHC, f1-59. The 
reserve battalions are nor usin Come HH. 2 Pais ao SV Gant 
meee ne_t -esponses to specific guestions perteining *o “he 


PHHC. Appendix D indicates those questions which have a4 bias 


Bmercduced by the negative responses of the reserve units. 
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Meemeecci3 Ve artillery baztalions ars using <=h2 PHHC. The 
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Simerey icound that the rsiiability of the PHHC was abovs 


everage. Its operational t2eadiness was 90 percent. Specitiz 


Written comments addressed the degradation of the PHEC's 
performance caused by harsh Clana: Veeco wae = one. The 


Bectalion Commanders statad that the PHHC's performance is 


definitely degqraded by dust and cold weather. 


q 


=) 
f2u 
}* 
© 
fi) 
on 
iD 
feu 
(4 
san 
ps 
4s 


Mee Mejor: =y Sf zhe 3attalior Commanders i 


ct 


they had «he resources to adequately train FDC personnel in 
iE 
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_——M@metouid aliccate additional instructional hours «to «he 


Meee Lhe ective battalion FDC's proficiency using the PHHC 
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meme aa eas avetage. [hs proficiency of the reserve batta- 
lions was rated as below average <5 unsatisfactory. 

The Battalion Commandars indicated that the largest time 
ieweems =) Mission processing occurred in the actual compuata- 
memo Or firing data anc the voic= ‘<*ransmission of Fire 
Commences to the guns. There wis an 2ven split between theses 


ferearees. The overall state of training of the battalion 


the responses to these gquastions. 
Mmewecatsal2on. Commanders assigned a higher priority to 


meen c<reid:rg of a new battery conputer system than «he 


Reqimenctal Commanders. They indicat2d that the new system 
Suemee cd b= capable of operatin from battery and generator 
power. They cated the Mpeneaicse 22 9tre ssapabpl tity. £9 


Me@esate Crom standard garrison power slightly lower than the 
Reqimenztal Commanders. They derinitsly support the automa- 
MeOt ~ne =ransmission of Fire Commands =o the guns. 
meemeia JODTICY (69 perce nt of the Battalion Commanders 

mee d nats celitability was the most important character- 
Meee cieat should be considered in the selection of a new 
Battery computer system A number of written comments 
Sete iy expressed the importance of system reliability. Ths 
ritten comments of «he Battalion Conumanders also emphasized 


that che system should be easiiy maintainable at th 
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Specator/Organizational levels of maijntenance. These 
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Fifty-three percent of the Battery Commanders 4 


completed the Field Artillery Officers Advance Course as 
resident students. MeeGntyY-eiGns Derecent Of the Batten 
Commanders had completed a career Level school eithe aah 


residence or by correspondence. 


The Manual System is the primary method of determining 
mepeeng daa in the battery FDCs. T* should be noted “hat 
fourteer of the fifteen reserve batteries responding used 
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2 Manual System. The structure was evenly 
split between FADAC, PHHC, and the Manual System. Batteries 


men 10st assInes wsed the FADAC mcte than batteries in 
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the other regiments. Ba S in the 11th Marines relied on 
[een PHC aS the primary source Of firing data. Batteries in 


mmemericn ana 1th Marines were not aathorized a FADAC. Four 


su 


reserve batteries indicated that they were authorized 
FADAC. Besed on the i1:2tea Gea ned fsem the Bae tery 
Commanders she operational readiness of battery owned FADACS 
memos percent. The average FADAS jiowntime is greater than 
mameey Gays. This is consistent with the data provided by the 


Battalion Commanders. A majority of the batteries experi-~ 


1 


See Ss ONiticant difficulty in obteiring FADAC repair 
Poe the iwrit~en comments indicated that circuit boards, 
memory disks and keyboards ars the greatest problem areas. 
~mese resuizts agree with the Regimental and Battalion 


Commanders assesment. With the exception of the reserves, 


Pm@ememajer ity of artillery hatteries authorized a@ FADAC ars 


68 





using the integrated FADAT/Manaul System. The battery FDC's 
eof lCree1cy Wien FADAC was rated 325 average. The Battery 
Memmeree=s ~nhateeted that the maintenance of FADAC was «he 
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mMOst Sericus prekliem are2 for their units. The Il 


[eer eng Cr YADAC Operators was ranked as the second major 
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The majority ct the reserve batteries are not using th 


(D 


fee Thi= 2s syident from thsir responses to the questions 
Memedin-T.g “c the PdHrtc. Appendix E indica:es those ques- 
fmeees Whoch heave a bias tntroduced by the large number of 
negative responses from the reserve batteries. The results 
Memos SUTVYSy Ssnevy that tha active units, primarily the 11th 
Matines, are weins the PHH[T. Based on the data obtained the 
Opearatiorai ctsediness of the PHHC is 94 percent. Ths reli- 
ability cf -ne PRHC wes rated as above averaq:. 

Mees peec fic Written commen®s ayenunber Or Bat Tery 
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COmmendets indicated that the performance of the PHHC was 


degreded in # d¢sert environment. M@daeaero, iy, EAs ee) 
Weegee =mittinag Diode) Micwkay tS discie2cutt =O fread in 
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bright suniighnt. The small size of the display degrades 
Peeeciive SiUpery:ision of operator inputs. 


The Battery Commanders were evenly split over their 
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majority of Battery Commanders ret 


mariieGgetmeteasce the instructionel hs2: 


rated as above average, Reserve batt 
Ree clency with the PHHC as unsatisf 

The Battery Commanders respondei 
delays in mission precessindg occurre? 
Meer or firing data. The finai resu 
the reserve responses. This may b3 
meeeee Cf ij<wDeaining. The majority of 
Memcaca chat *he voice transmissio 


the guns caused tne greatest delays. 
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average. 
Beaee Of training as average. 


The Battery Commanders assigned 3 


Baecalzorn Commanders. However, *b 
average ratings (.3) between the Bas: 


Beeeeali-cn Commanders was not sign: 
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Commanders responded that 2 new syste 


Gperating from Dcth batterv and gener 
the Importance of the capabilit 5 
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should be considered in the selecticn of anew battery 


computer system. SeecemsreeWwEIttcn comments reiméorced *he 
importance of system reliability. The Battery Commarders 


want a system that works. 
Although the overwheiming majority of Battery Commancers 
Mjecerciy employ and prefer the decentralization of tech- 


indicated that anew battery 
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centraiized technical Rie AG =a er e.S 7 foe, 211 Paes an Fy 
Mmeyeceries in a battalion. This i¢ based on the responses to 
queStions 1, 9 and 42. No reserve bias was detected in these 


qu2stiors. 
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Maen aguestionneires fazstuelly document the current status 


Seeerarcene artillery. Tha data frem the questionnaires and 
numerous interviews cl2ariy estibdlishes chat Marine 
ereiilery units still heavily rely on the Hanaual System as 
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meeerre, §S  & 8" ConcspH requires “wo #iiy equips 
Piatoon FDCs. 


171. Although Cemmancers employ and prefer the decentrear- 
Mzcd concept, a Signaeiicant majority reepondeé Brat = 
new baztery computer system include tha capaniiity te 
PoerOstiGentralazed technical fire diresg2con for aii 


the firing batteries in a battalion. 


Mme FAPAC maintenanc= support problem is especially 


Mees cal. The state-of-the-ar= for FADAC has been passsc 


Many years ago. Liss s 


Conmand (ARRCOM) reduced th 
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Procuremen= of mejor long Teed 


time spare and repair parts to prevent excess StOCcKS ana 


unnecessary expenditures. This decision was malice in antici- 


pation o 
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ShcmeomOetaclaing or the BCS. The slippage oi tne 


mumerOc =O FY 1983 impacted on ARRCOM'sS ability; to voreperiy 


Piippertc FADAC. (Ref. 34:3 p. 12 j 


[ees MOSt TeECUrTing problem associated with FADAC support- 
Meeieoty iS 2a dwindling source of manufacturing exvertiss 
Wilding and able to produce spar2 and repair parts. Many 
®t the repair part have not been manufactured for + 
Bumpers Of years, and th= current Technical Data Packages 
Meee y ar= out of date. Repeated efforts tc chtain uo to 
meee TDP'S Suizable for procurement have met with fazlure. 
The Memory Disk Assembiy is the most crucial iter in the 
FADAC system. Br&TORks oO proclube (has item have failed 
g@Ubrina the past few years. The 90 Spare Memcry Disk 
Assemblies (currently available} eee ail. reom “*#ne 
Letterkenny Army Depot (LEAD) rebuild pregram. There are 
Moeerew FADAC Memory Disk AssemblizS remaining in the Army 
inventory. ALL Memory Disk Assemblies must b2 repaired by 
@emmtbalization of other Memory Disks, Best eG: nS 
dwindiing supply. Attrition rate for Memory Disks has been 
mgemwe ten units per year. Mi“=ebace 2c expeczed <0 


meerease, (Ref. 342 p. 4] 


M@erationai readiness is degraied by the shortage o£ 


Spare and repair parts. Bacay acom ARRCOM reveal chat i* 
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jeer = trom three to four weeks for CONUS units to obtain 


Mnoraai" replacement parts. Te Memory Disk usually 
Tejtirres six months toa year for replacement." [Ref. 34: 
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ARRCOM plans to support the FADAC system through 1989. 
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aitzaticn of existing assets for the major items and 
Beet sone] procurement Of miscelianesus minor items (such as 
M@@ertOrsS, CabdaCitors, transistg@rs, 2tc.). ARRCOM is consid- 
ering establishing a maintenance float at Letterkenny Army 
Memo. tO Stipport the Army Reserve and Marine Torps FADACs. 
[meee lOat assets will consist of FADACS turnéd in by active 
Mey Un ts aS the BCS is fielded. [R2f. 35] 
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Memes rsed the inadequacy of the current fire direction 


E¥Vsctems. The deta from ihe questionnaires reinforces ths 


Betmeus Of fire direction. tpieeossecte nor's Opimzeon, ihe 
Semmens Marine artillery fire dizrsctisn systens are inade- 


qu3z=2 tc meet the demands of today's battlefield. In an age 
Memmeergn. -iceni “echnological advanzes in computation and 
Mapetda--C data processing systems, «he Marine Corps still 
fewer zes 2 Manual system consisting of paper firing charts, 


Geemeeng pins and Grits. FADAC is not being used and cannot 


be reliec upon. rADAC was built +9 meet the field perfor- 
Mance requirements needed twenty y2ars ago. hae.) he 
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Geesect.ck computer system which can Significantly snhare: 


mre battery's fire direction capabilities. System effecrive- 
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ness can be improved through the us= of automated assistan 


for the computation of firing data and transmission of 
Calis-For-Fire and Fire Commands. Mie eenrOolsegy 2=41S7s =o 


emeipers the aucomaticn of these functions. 

This chapter has established tha current status of f:4rs 
direction based on data provided by the questionnaires and 
snterviews, and defined the problen the thesis addresses. 

memebie>y Commanders! inputs regarding *he characteris*ics 
of a new battery level fire direction computer system vers 


sented. The next chapter discusses four fire direc- 
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ion computer systems whith can enhance battery fire direc- 


mom Ccavebilities, 
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Mefemohe users status Of Eite direction in Marine artillery 


meee teas beer established. The existing fire direction 


level Toss (ieee On computer SyStems Whee fh Can 
Meet Ccant'+y enhance the battery's technical fire direction 


Mepabsiities. In elphabetical order the four alternatives 


fesse cut ety Computer System (ACS) 
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NG er Soya em (sCoe 
fee oants? Faire Direction/Survey Calculator (FD/SC) 


Sue = CCU iL cl Computer (FCC) 


me | | C MOC Geat =Ounte = alee natives exist. 
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Mies cals 226 fFareiqn companies are narketing a number of 
Dewey’ .27c7i fire Elzection computer systems. It was beyond 
the scove of thizt thesis *9 consider all «he available fire 
Mamet Cl Computer systems. This thesis evaluates the four 
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Bempe Pr=me candidates for replacing FADAC. 
Meemecs 35 Currently in production and its «echnical 


Sieteec crs ~ics are firmly established. The other «+hree 
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alternatives ar > various stages sf development. Some of 


eT 





mie cechnical characteristics may change as development 
proceeds. iP oecenOn na SwEc Coates yevost cel Gaisheot the 
Menmuracturers and discussed the technical characteristics 
With the respective project engineers. The *t#chaical data 
Mmeeeented in this chapter were proviied Ay the nanufacturers 
of the systems. Additionally, cost 2a%ta were discussed wit! 
representatives of «the companies. Cost data presented in 
Meee thesis do not represent en offer to produce at “the 
estimated cost. The actual cost can oniy be #stablished 
mamough con =ract negotiation. Each of the alretnatives is 
discussed separately and then the major characteris-ics of 
all the altsrnatives are summarized in Table XVIXNT. 

MOP ENATIVE 1, ARTILLERY COMPUTER SYSTEM facs) 

Meme Megdravox ACS is a state-Ci-the-art atitomated firs 
direction system. I= combines improvements in the conputa- 
Meer fitind deta and communications to ethance overall 
system's effectiveness. The ACS uses the commend, control 
and ccmmunications system inhererc to the tactical employ- 
ment ef & Marine artillery battery. Theene> CONS=S=s Of jan 
Meeetse>y Computer Unit (ACU) and Gun Control Units (GCUs). 

The ACU is the heart of the system. It provides the 
Computational carabiiity and the conmunications interfaces. 


Me ACU 2s a itghtweight, 


Memeeery ievel fire direction computer 


Seeeseats communications networks fdr 
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reception/transmission. Pie menecur 9 d2gdatally passes Fir 
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Commands directly +o each howitzer via wire or radic. 
ACU also provides for th2 storage and display of information 
pertaining +o weapon and ammunition status, target and 
Meeerver locations, meteorological information, and other 
essentiai FDC data. 

The GCU consists of four pisces of equipment per 
Peuitzer: miomeolmeeConecOl TNterrecan(GCl) 7 the Section Chisé 
Assembiy (SCA) and two identical Gun Assemblies (GAs). The 
GCI provides the interface between the ACU and the SCA and 
ere fhe SCA is connected to the SCI by a power cabie. The 
two GAS are connected t9 the GCI by standéerd fieid wirs 


(WD-1). jiacwMOwimZeL SeESl1On Chisrt uses the SCA. The SCA 
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has a display for fire commands and 2 control kaybo 


che ACS is based on the <h2 equipment required tc support an 
Seemegun battery; <hat is, ‘two AcUs and eight GCUs. Ths 
Weight of she power cabies and the Government Furnished 


Equipment (GFE) printer that the ACS ROC redauire 
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mmeludaed. 
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TASLE if 


Ovetall Dimensions {(in.)} Ne Cm (lye 11 WN), 7 (A) 
foume (cu. rt.) Ae ie, 3U 

Weight (lbs.) LeU Ao CCENIO, «SCh 4, GA} 
Meeal Weigh: (lbs.) 158 

Memory Capacity 255K 1o-bit words 

Display ACUSeelasma, 256 Chiractsrs 


aperoxemaecely 1/74 iach in 
haight 


Peepiay Dimsnsiens (in.) NeW. 7 (ihe 365° ((H) 
POWED REGULI ements: fhe ACU can be powered by internal 
Memextetrail power sources. Internal power is orovided by cn? 


memerecniae-geablie Lathium (3A5557/0) batczery or one Techarge- 


able Nickei-Cadniun {(BB557/0) batts 


ty 


Ve pepeieee nas —pOWes is 


Meeveaca DY: <x *e¢rnel tvanty-saight volt (28 volt), dizect 


Meer. (28 %YDC) batteries, standard Marine Corps mobile 
electric sower Generating sources (MEPGS) and standard 


Garrison sower {60 cycle, 120 volts). The external batteries 
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oncolude: aon-recharcgeab Pau (bas 570), rechargeabla 


Meenrei—-Cadmium (BBS90) and standard vehicular batteries. 


Meemeed has built-in connections for the external batteries 
and MEPGS. A small converter is required for «he ACU to 
Meeca-> fron Standard garrison power. The wrechargqeabis 
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Peete nries will recharge when the ACU is connected te an 
external power source. 

The Operating time provided by interna 
Mm@eeeries is a function of system usage. The expected aper- 
ating times of these batteries will be determinsd as part of 
developmental and operational testing. Magnavox has fauna 
Maaeche Lithium batteries generally last five times lengsr 
than the Nickel~Cadmium batteries. The DMD and FIST DMd us 


the same *yvoes of batteries as the ACS. 
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The GCI is pewered by e¢ither internal or ¢external po 
sources. Internal power is provided by one non-rechargeable 
Meeasum (BA5557/0) battery or one rechargeabl= (BB557/3%) 
battery. External power can be provided by the vehicular 


electrical system of s2if propelled weapons. Tee Gee 


Meoviaes ~he power supply for the SCA and the two GAs, 


Communications Capabilities: The ACU prevides connune- 


Seeron net Switching control for four s¢parate commuricz- 


Mms Ne oworks., Integral connectors for four asts, either 
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Meteor cad:9, are provided. The ATU can receiv 
eeclg.-al communications or voices via wite of radic. The 
Beemeas <¢ 1OCal terminal nods with an internel port into *hse 
meee ne. COMMUNIication switch. Time tags for messages origi- 
meeede ce ~nhe ACU are provided. The ACS has the capability 
Meeeceme Synchnronizaction with net users. The communication 
Beemeupsc~iber cable allows “he ACU +9 control the communi- 
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Meeeons Cf Subscribers cn the nets attached to the syst 
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Mmememoaes Of Operation for this control include a dirsc* 
agaressing mode, an automated mod and a manual review meode. 
mies ACU provides a net sensing capability to. reduce net 
Moeage corflicts by muitiple users. The ACU can handle 64 
Puiectr. bers. Encryption compatibilities includ? the KY-8, 


moe 3G, and 57 systems. The KG-31 and 84 compatibility is 


Bese ved with an appropriate modem card. 


*ape loading of programs. The ACU'sS fitmware contains the 
progremming for ail the required weapon svstems and “he 
PesOpcolzete projectiles, fuzes and propellants. In 1978-79 
Mma veox improved the Modifiei Poiat Mass Bailistic Medel 
Meee ke U.S. Azpmy's Ballistic Researsth Laboratory. Tre ACUTs 


Meeogrtammonq uses this Improved Modified Point Mass Ballistic 


Mmel., Ballistics are providei for the following calibers: 


imomm, i955mm, Seeteen wee are, iteomm fzalner. The ACS can 
mmm Tinting data for 32il current Marine Corps artillery 
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veR PON systems including aS a. NGS) Can conou.= ind: ve- 


Seeweec-==ng data for sixteen weapons. 


Bee=zaqs Capabilities: T2OvceeL. “IGCONtalns tne Curren 
MeeaecpeasSe storage capabilities for the ACS. The ACU can 
detexrmine riring data, store weapon and ammunition informea- 


Meee Store and apply Reqistration Corrections and store 


Ppemcgacae fOr Sixteen howitzers. The ACU autonatss anmuni- 


MeomeeaccOouUnting. It can rstain three fire plans as par of 
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Mmeewtarget Storage. Frovisions nave been made to allicw «he 
megeco exchange the Fare Control Direstory and Data Base via 
feet ai communications with ancther ACU ata higher head- 


Mamet ers OF an adjacent unit wtilizing one of its four 
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Mepmunications nétS or the serial jiata port. 
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Targets an 

Krown Points 60 

FO Locaticns 10 

No Fire Areas 10 

A= trspace Coovtdination Areas 1 
Meteorological eee 5 

Individual Weapon Locations 16 

rire Unit (weapon and amo} status 16 

Gonctirren= Missicns seer ar 

Meese Cn Processing: Fire missic1rs cah be inputted digi- 


Mmmor Manually. The ACS can precs3ss three concurrent fice 


Mmerons Plus one Final Protective Fire (FPF). Mamae- 41 ¥ 
Meemeer eS the types ct aissicns that the ACU is programmed 


memep-Ocecs, 
Meme ACU wiil precess 2ll three aethods of target loca- 
Meet: d, polar and shift from a known point. Using laser 


Memeeteeced target or projectile point of impact information 


fwenmt Tange, Von ect angm= and direction), she Acu 
Bempueces firing data for stationary and movin =a nocts. 
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ACS Mission Processing 


Area, Low and High Angle 

Registration / Destruction 

Mmeuminaeion / CoOriineted Fl uminatior 
hee ObSEr ver 

ime On Targ=*. 


Laser 
Frecisicon Guided Munitions (Copperhead) 
Nuclear 


Moving =arget behavior is predicted using line 
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moe, -.me weapons are to fire, the rommands =o firte ana the 
memcommands for “shoz" and "splash". Ths ACU provides appro- 
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Megeess 19 a nuclear fire mission, *he ACU computes cniv «he 


mmmece | firing data for the nuclear projectile. 


Muxke tiaty Functions: The ACU performs a number of éuxi- 
Meme tite direction functions. On2 cf the major auxititacy 


M@@errsOorsS 1S the determination of Regqistraticn Correcticns 
Memcem CLrOVide GFT settings for manual back-up. The ACU can 
determine data for replot. The ACU can determin Muzzis 
Verocity Variaticns (MVVs). The M99 Velocimeter readings are 


Memegetiy corrected for oprejectile weight and oprepellan- 
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s+emperaturte and entered in the ACU. The ACU compares the 
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Mea Ted Yale With astandard valu2 to determine th AVV. 
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Mong 2 Set of MVVs, a set of Comparative Velocity Errors 
(VES) can be determined. Comparative VES are needed to 


megrstec CFT settings to non registering batteries. The ACcU 
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@iso computes w7oOne-to-zone transformations. The moving 
@eege= era *shot" and "splasn" functions have already been 
discusséec. mie four ACGISm@epeinmaorbuiie for Of IE are not 
proqrammed icr standard survey operatiors. However, Magnavox 


@eoee Senes Caponala=y coulda be -added prior <9 


Mere ac c.Cn , if it is required. 


eat. Snnce: i CmedmmcOteci hs a0 DU li—in Selt=- zest 20> 
Mec cosmwWaez se. Th* operator performs this test as part of the 
BmeDers..C':: for action sequence. It takes a2pproximately 
Seven seconds tc run ths sf#li-test. Mean Time to Repair 
Meer) tcr Urgerizationai level repairs (operator repairs) 


25 curzentily estimated as less than ten minutes. Repair of 


Meee 4s s=ccofpliished by the interchange of replaceabla 


tes, «The contractor's =stimates oF MTTR ard MTBF will be 


Pmeeuaced as part of OT Ii. 
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Base of Qperation: The ACU'S programming uses 2 
Meeerang Of menus to present infornation to the operator. 


The Operétor calis the system mode aenu which causes the 
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memmot “he Choices, that selection wili bring m the display 
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Meme! the next menu which contains the adcitional decisions 
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that the operator must mak 

Prompting techniques are used to lead the cverator 
through the sequence of operations he nus* 
Mmmmeay presented t¢ the overator calls atkestion to the 
MeeerMact_On which the program requires the operator to 
supply. Default selections are provided in tne presentation 
Memecme menus, so that the operator is not reguired to make 
Mmmmemery unless his entry is different inem =the default 
(normal standard entry). 

Me tne Operator should fequest the system tc ao some- 
thing that violates a praviousiy estaeblisnecd "operational 
ane"! (for example, incorrect projectils “ ruze combina- 
Meee TNO into an established co fire area, etc.,) the 
Sys~em will output a warniag message =o the 
memo tThS cOonrtilic= and wiil not honor kis tequest until the 
Memmetace +S resolved utilizing proper, procedures. 

This author was able 20 executs a com 
Bemeeene ACS after a ten minute sverview brisfing on ths 
eeeeem. The key to operaticn of the system is the effective 
Meerang cl intotmation. The presentatior of information was 


Megecal and easy +o follow. The layering proceeds from 2 


hed 


Beoaed OVerview down to specifics. The presentation of care- 


zully sorted data enhances the operaticn of the system. The 





Meeyereay 2.5 Clear and very 2asy to reads The characters ars 
evenly distributed and th2 alignment is excellent. Common 
artillery abbreviations have been used wherev2r possible. 


operator is not required to memorize a list of new 


an 


(p 


mnemonics. System prompts are use?d 2ffectively +o guide the 
operator. The system can b2 classified as "user friend 
Magrnavox's attention to human engineering 1s cieerily 


evident. The size of the display characters (approximately 


fyeeencr), effective layering of informaticn and the use of 
Seeeem Prompts contribut>s to the e2se of operation. The 
display panel can easily be read by the FDO. Visual and 
Pygeo alerts are provided fer the operator. The system is 


@eranscte.y easier to operate than FADAC. 

Mere ACU has a directory featurs which allows the oper- 
emer co Seatch iInrormation in his 3232%2 base in response to 
Meret 2Ors concerning targets, mission status, forward obseéer- 
memo, weapcns, etc. This 
meee m LCr “ntormation without the requirement of the oper- 
Memfimeask.0d fOr Each plate of information that he wants 
Memerdceiy. Essentialiy the directory feature allows the 
Meeaa-Or to know what is planned, SnGmwe. “2S CULT Sehmiy 


Memmeen- nd, in his area of interest. The directory feature 


Meeemelayering and sorted data to provide the information. 
Commonalicty: Approximately ninety percent of the ACU's 

hardware is commen +o other systems [Ref. 36]. The ACS wiil 

Bemeroduced on =he same production line that was astablished 
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Meegilams @re contained on two Electrically Programmable Read 


Orly Memory (EPO) caris and ons Arithmetic Processing 
Memory (APM) card. Thea ACU will use the actual FIST DMD 
DOX. 

Although the ACS would be a uniques Marine Corps systen, 
mmemmajority of its components are used in a number of Army 
[yecems. The Marine Corps maintenancs2 effort should benefit 


% 


Beom <h= high degree of conmonality of basic components. 


Meg@isevOX has oroduced 2900 DMDs and currently a tozal of 


memoeare =o be fieided. Approximately 1200 FIST DMDS are to 
be fieided. 
rorce Developmén= “Test and Experinentaion Tasting of the 
feos) was corducted at Fort Sili by che U.S. Army Field 
Meee ey Board during July and August of this vear. 
Meelam Nery findings bas2d cn emerging «es results indi- 
feeee = 2c riST (Hb cverrtormance to b2 favorable. (Rehm : 


Mra cdva=S COmmona lity shculd significantly reduce logis- 


[4- 


MeeeemecoscS. Add. 7ionaliyv, the Marine Corps should be able to 


(Dp 


Meeeadventaaq2e of Macnawox's production learning curve. The 
Mhit-al production line oroblems associated with any new 
System start-up have already been resolved. The Marine Corps 
Momeacus crepresert only a small fraction of the items +c be 


MememiGeac Cr this production line. No major modifications of 


Meemepsecuction line are required for the ACS. 
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Interoperability: inven eS ROG C2GWmes thet, tae ACS 
will incorporate automated assisted fovoerator 2CuEDN 
Peauired prior tc message being entered into memory) invec- 
Beee With “he Meteorolcgical Data Systam (MDS) ana “he 
fegacal Communications Tarminal (DCT). ACS wilt alse »2 
Compatible with and incorporate an automée*ed incterfacs wt! 


MOP ASS when MIFASS is fielded. [Ref. 38: pd. 6] 


MDS isa 


J 


Army program to daveloo an in 
artiliezy meteorclogical system. It wili have + 
MeocrOViding an automated assisted digital meteore 
memmeetiolu. directly to an artzilery fire direction conputar. 


Meme Petng devscloped py Bendix and its projected TOC for 


Miemmattne Corps is FY 1984. Phe Bet BS va W Mee wecee Os 
developed, smail, hand-held manually operated device for 


emer gd «end receiving digitel, fixed format and free-text 


Messages Over wire and voice radios nets. Phe DCT is being 


Bevelocvec by Litton. Po epee jceceoe DET LOC -SE FY “SRS. 
MZFASS wes discussed in Chapter Three. The MIFASS EDM are 


Detng built by Nerde: 
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Memeeoy. All of these systems (ACS, MDS, DCT, #HIFASS) are 


probiem, bu=z it is solvable. 
mes ACS must be able to uss input from the 499 
Veliceime=er and the AN/IPQ-36 Radar. The M90 was fielded in 


Memeo. T.-~ provides accurate and timely determination of 
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weapon muzzle velocities. These muzzle velocities can be 
Manuaily entered into the ACU. The M90 does not have or 


€e€ an automated interface. 


f- 
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requ 
The AN/TPOQ-36 hostil= weapon locating radar has the 


Memability for adigital data dink with a fire direction 
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computer. The AN/TPQ-36 is curr 
Marine Corps. The ACS automatically interoperates with thea 


m7 1PQ-36. 
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Magnavox is working towards dev 
Meeps and the [CT. These interfaces would be included in 
Mmmemproduction version of the ACS. Since the final version 
of MIFASS has not been decided, wWagnavox has recommended 


Mme the MIFASS interfacs be a prevlanned product improve- 


Mame for *+he ACS. Sufficient memory has been allocated for 
Bemrequ- red interfaces. ieee riSr DMD A2nteraperates wat! 
Meer wACrFIRE. Sires ACS 1s in reality a derivative of the 
meee )6©6DMD, 60h the) 6Ucommunications)§ interfa berween ACS 3nd 
Meet ACrIRS is net a major problen. 

meocurement Cost: Procurement cost is based on 4 FY 
[eee procurement of th2 AlS. Table V SSSents che cunzent 


Meememat= Of “he ACS procurement cost for an eéight gun 


Meeeery. All cos<s in Tabl2= V are in FY 1984 dollars. 
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Gonmonad >= has a a 
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iow 
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The ACU's high degr2s¢ O 


th 


MeeeevOoxX tO eStablish a gocd estimate of the ACU's cost. 


ipere i 


#7) 


Seme Uncertainty concerning the cost of “he GDJU 


MeemPpescc Or: the GCI, SCA and 2 GAS). Maaqnavox provided 


ty) 
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Tayo, «=| 
CS #Sstimetce2d Eraturenent Cost 
Iz2m Cost PEr Liteon Numoer Required Howe Ye Coser 


GDU 


momee Of from 33,000 to 45, 


uses the average cf the iow 


and high estimates are used 


be as iow as $94,009 and is 
Pema LIS RNATIVE 2, BATTERY 
Be BCS is a lightweigh 
vol= (7s ¥OLz) Gis ece "Sl? 
Subsystem which cerforms th 
Mimetaons for artillery bat 
moeencl 7 j. mie 2S ar 
Meer provides she firing 


Sepeeca! communications and 


Seound Staxzions of Remo 
AN/TPQO-36 Réedar and MDS. Th 


Seem Or TACFIRE. 


end Vid vai 


000 rer GDU [Ref. 36]. Table IV 
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high as $410,000. 
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Bepabality are optimized for art: 


performing survey tasks and 


enhances responsiveness and minim 


Beers by digiteliy sending Fire Cod 


maGh how:tzer. 


f= BCS replaces the M18 FADAC 


mmmncmy field artillery batteries ¢t 


moe Nacticnal Guard units. The BCS i 


Gemece ty Ccperations. The BCS normally 


Mov? Command Post Carrier (a tracked 


Gamma Goat whee 
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mcunted for ground 


Norden Systems and iniztial fieldin 
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and the TACFIRE 
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S capable 
will be mountea 
vehicle) 


BGS Canes 4so 


€ mnaje 


in 


DeeSsre5 eer 


(GDUsS). 


pednSDlaysy 


= 
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he GDUs. The 


tWenty-fcur line piasma display ovanel, an alphanumeric, 
meeeeaci runction keyboard, «hree communications ports (two 
external and one internal), arda program load uniz. The 
cOMmmunica=ions networks ailcw for th2 reception / transmis- 
Geen C-OQita! communications ot voice via wire or radio. 
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The PDU receives primary system power from either vehi- 
Smear beskety power or from a DC gensrator. The PDU distri- 
Paces incoming power to the BCU, SOS ee egGulpmer=, and 
tFaaios. The PDU is equipoed with a trickle charger to main- 


tain the BCU's internal amergency batteries in a constant 


The GRU receives piace data and Fire Commands from the 
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BCU and Cisplays them at the howitzer section. 


mms =1@) wWeipcn status to the FDC as a fire mission 
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Beogtess<¢s, The GDU consists of a Case Assemly, Section 
Chief Assenbly (SCA) and two identical Gun Assemblies (GAS). 
The Case Assemply provides the interface between the BCU an: 
MeemeocoA ena GAs. It also serves as ‘the power distribution 
Mmeece £Cr the SCA and GAS. Each sSéestion chief receives his 
Gemeeoec.s ’S Fire Commands on the SCA while the defiectior and 
Guadrant elevation are simultaneously displayed on the 
G@Uinec and assistant gunner GA's resoactively. The GA's will 


Semmomwn- ec! On the howitzer. 


general pt: Ciciete es mime cs Obst heeeRCS.8 The tonal 
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femme OL )6Cthe BCS «is based on the equipment required to 
Spe gt al Sight gun battery; that is, two BCUS and elgh* 
SPUs. The weight of the required power cables and the G 


Beiiewer is not included. 


POWELL Regquiremencs; [The BCU is powered by either vehi- 
Sean Datcerties (28 VDC ) or a DC generator (1.5KW). To 
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Overall Dimensions (in.) W 

Sewer. 5: CE) 

-3 {L}, 12.8 (W), 14 (8) 
eee (ND 2. 20:38) 
A (eos. (Wie 1.3 (8) 


femme (cu. rt.) 2 4 
DDU 1 
Weidght (ibs.) BCt 9) 
2? DU 39 
Table 73 
Case eS 
Sa 2S 
GA neces) 
Meeal weiaqh= (lbs.) 6 34 
Memory 125 koe 2U > bas WSs is 
Display BCUCMEDL Co liceeee een es woth /2 
charactars tr ihe, N28 sO. a) 
Granaere as, wed Ox. nately1/8 
mie ee 
Deemplay Dimensions (in.) pete, Wee, > <4) 
tee ce the memory centenctcs 22 the event of crimary external 
power loss, the BCU is equitoped with 2 power backup sysczem 
ens. SULT. of twe Nickel-Cadmiut pe Sona | emergency 
batteries (BB590/U). These batteries provid] power to thea 


memememo>y TOr up to two hours, thus allowing for the repair 


Smoeeseturn cr primary powe Without totai memory icoss. The 
PeuerueckKle charcer maintains these batteries in a constan+ 


Sea] Of Charge. 


Su 





The GDU Case Assembly serves as the power source for the 
Beh and <wWo GAS. The powsr options include internal battery 
power (BA5590 Lithiun), vehicular battery power and DC 


generator power. [Ref. 39: p. 1-19} 


Communications Capabilities: The BCS uses standard 
communications equipment (wire and radio) te communicate by 


Megenrdal end voics =ransmission. Th2 BCU has chre¢ communica- 


eens Channe.s. Two external channels vrovide high speed 
Meee al COMMinications of voice with the eélemsnits of «he 
meotd ajtiliery systen. Channel 1 is normally che Battery 
meee Direction nei. heesem vers sos chs primary link with 


Meerazke. Channel 2 would handle any other nets the batter 
Meee tc Utilize. The FDC ases the channel 2 radio to switch 
Memeere apprcpriate frequency prior =2 communicating with any 
S@eormnei 2 subscriber. ft eeboema sChannel 2s used. “to 
Suppor= =ne GDUsS. The internal chanael can communicate over 
Meme Or radio. The FDO can communicate on any channel by 
m@emeng h-S handset channei selector to the desired channel 
Mmoeeemor tOor.ngd/speaking on that channel through the FDO 
Memaset., The BCU allows for the conpcsition and editing of 
messages. 

The PDU permits online teletype with the GCX-74. 
PeesyPtion compatibilitiss inclué€e only the newer COMSEC 
meverces, KY-S7 and KG-31 and 84. There are currently no 
plans +o require secure communications for the AN/PRC-68 on 


mmemGoU net due «o its limited rangs. 
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eo belliscics. ice cO Measles ot 
[Meeeeerg ci a Magnetic tape prior t> operation. The BCS 
Cannon Arplicaticn Program consists of an operating systén, 
diagnestic module end a weapon dependent program with data 
mae. Tre program load unit located beneath the BCU loads 
the soizwar¢ program in less than one minute. The software 
Beoeg-em Contains sixceen differant caiitber and mocel cembi- 
memes LOD the Sam, ii55mm, 8 inch and 14.5mm trainer. 
Mees a-~lliery cannen urit has th2 same tape. The cperator 
Mmecal-zes the ECG for the specific weapen system desired. 


Mie SOL wate program ccntains all the authorized ovorojec- 


i 


tales, fuzes and propellants for #¢ach apon systen. 


Mees tacs 62-8 (ers based on the older Modified Poin: 
M~@emmeoce!. fhe BCS can soOmpute firing data for all current 


[Mepeeeme COLDS axrtiilery weapon systems including the M198. 


MemeGen COmpute individual firing d2t2 for twelve weapons. 
MWe G&etetri ne firing data using individual piece loca- 


Meets, dividual piece muzzle velocity variations, indiv 


Meme D.sce aimpcints and by fiving individual ballistic 


Eero age Capabilities: Table VIL contains the data base 
Seerad= Capabilities for «he BCS. The BCU can determine 


Meeeerg data, and store wezoon and amnurition information for 
<W2ive ncowitzers. However, the BCU can only store and apply 
Pee «62 etScrent mask inputs. Eight sets of Regis-ration 


Beee-c . Ons can ke stored. The appropriate set of 





memestreaci:on Corrections is applied {c ali howitzers tiring 


menossicn. The BCU can store three fire plans as bart or its 


t--4 


data base. Fire planning iata can b2 automatica 


meom another BCU, TACFIRE or DD. 


Peet vat 


Deswoc Onace Capabilities 


Targets 60 


Known Points 5 0 
mOmboca: cans 10 
No Fire Areas 10 
Plespace Coordination Areas 6 
Meteorological Files 3 
Individual Weapon Locations 12 
Fire Unit (weapon/2nmo) status 2 
Corcurrent Macsions 3,. + Jee. 
1 CP Msn 
ferso. On Processing: Fire missions can be inputzte: digi- 


emeeey OT Manvally. The BCS can process three concurrent {fire 
Missions plus one Final Proetectivea Fire (FPP) 7216 On= 


Pepperhead Priority mission (CP wasn). Table VIIE identifies 
whe types of missions that the BCU is programmed *c pDxocessS. 

Mees oCU will process all thses nethods of targe= loca- 
fee gtd, polar and shift from a known point. The BCU can 
MS= laser generated target information to determine firing 
SeeeaecO= a Sctaticnary or moving targét. When used w: 


Peed Leser Locator Designaztor (GLLD), the BCU has <«he 
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age ene vse em 


BCS Mission Processing 


Arca, Low and High Angle 

Registration / Destruction 

UN a: OT: Coordinated ILlumination 
Air Observer 

Time on Target 

Laser 

Precision Guided Munitions (Copperhead) 
Targets in a Fire Plan 

Nuclear 
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meeeugn a dtaw rcutine. 

Mee ECU provides apordpriate alerts for Time on Targec 
[ese Ors and the execution cf fire plans. A visual countdown 
Mmmererexeeps «he BCU operator abreast of fire plan timing. 


meer SCS Operates with TACFIRE, “*actical fire direction 


ry 


emer ov. a°d by TACFIRE. TACFIRE salecsts the unit(s) to firs, 
Meewsonhe!li/fuze combination, and dzstermines the number of 
eee ys required to defsac the target while conforming wit! 
Semcommaender's guidance. In autonomous employment, tactical 
sire direction decisions 2re mad@ by the FDO and manually 


“nserzed by the BCU operator. Default selections can bs 


estabiished by the operator based On, Peae: «2 DC! 


rx} 


Vi 


Meter /'ire Command standards. 





RUuxce tary mumCe Ors.) Ehe BCU performs a number of auxi- 
Meme. re G2 b=ct1On cuncc: Ome. On= 9f its primary auxiliary 
memctions is the determination of Registration Corrections. 
The BCU provides GFT settings for manual back-up. The BCU 
Cen determine data for repict. The BCU uses input from the 
M90 Velocimeter +o determine MYVs. Puen nvaz be ve loeruy 
memeengs must first be manually corrected for projectils= 
weight and propeliant teamperarures. This corrected muzzle 
Velocity is entered into the BCU. The BCS compares the 
entered muzzle velocity with the standard muzzzle velocity 
Memecene Specified prejectiie/propellan= lot/charge to deteér- 
Mine the MVV. The BCS software was designed to allow the 
transfer of MVVS to other cherges in the same projectile/ 


eee t, On fLOr Gduersteon= lots was 


iD 


Megpeiiant group, bur noc: 
mposed. I: thus remains the FDO's rasponsibility to manage 


meee ots Of ammuniticn. Using a sex of related MVVs, a sex 


Gr Comparative Vis can bs manually jlatermined. Comparative 
Peemene neecec ‘tc transter Grt setiings. The BCS can perfotn 
Meme- ~C-ZOh= transfcrmatisns. hmclse pmevides Sshot"eand 


Bepeash" =0 <~he cbhsexrvers. 


Maintenance: i ses MeSN O=Signed =O CORCEentrate 


Maintenance activity at the Operator level so as +0 avoid 
Meeety ¢evaluation downtimes [ref. 40]. The operator can 
Ocrrsect ninety percent of 211 system faults in field 


replaceabl 
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The BCS conzains a self diagnostic progran ¥&: 


mmemeoperator in is@iating problems. The operator's manual 
ee) t- 7840-283- 12-1) provides a list of troubleshcotiag 
Begcedures. As fart of these procedures the operator may 59 
Memeicoced +O a specific diagnostic routine. The BCS has six 
diagnestic test routines: 

foe Display, 

meee Keyboard, 

fee er _nter, 

4. Communications Channels, 

mee GDU Channel, and 

6. Front Panel. 

MememeesSU0 displays ail necessary instructionsetor wre 
Meena -Or ard provides the results of 2ach test. When a test 
Meee atied, the BCU tells the operator which BCU nodtuls 
(chere are eleven total) to replace. Organizational mainte: 
mamee 2S limited +o the rap lacement 9£ these modules. 

Ghme ECS's MTTR is thirty minutes and MTBF is ‘twelve 
hundred hours. Tnese estimates are based on the data avai- 
table from develcpmental and operational testing. 

Base of Operation: The BCS procramminag automates as 


much or the 


Bemaaning t 


Bue lG SCCt AON 


he allowance for 


alphanumeric, 
She alphanumeric keys wi 
Presented on the front pane 


process 3s 


YDO int=erve 


Speetdal EunNctLon key boazd. 


n 


POSSe pho whale sci k) 


emote The. BCU has an 


The operator uses 


22 Jeet eos OUST ACOr Options 
(eeespiey. the Special function 
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Megeralicow special tasks to be initiated by the cperatoz; 
eee if, ‘jun command keys, display operation keys and 
Peecute key. The basic keyboard is similiar to the standard 
Memoucte> terminal keyboard. The keyboard folds up to ccver 
the diesplay area/front pan2l during movement. 

The display area on the BCU front panel is a plasma “ype 
Meepeay on which 24 lines of 72 characters each can be 
dispiayed. TPiemes lav s Gisvad=d° into three functional 
areas: 


M~mueoey, Gasp lay. Coptains Mission stetus of current fire 
mee s Once: has 5 Pames of display. 
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NO 
° 
cs 


vip 


Gopee= (Ss gun status, date time, and data 
Tt has 4 lines of dispiay. 
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i Lower display. Used for d: 


=Sp 2nq incoming messages, 
error warning messages, fir 
3 


2y 

ng data, and messages 

id editing nessages, and 
fites, it has 4 lines 


stored in gueues, composing 
~spleying editing estabiish 
display. 


se 


ia 
ij 


Mme perator-crompt casability present az the boztom of 


7) 


Memmaisdiay che range of legal values for the field in which 
MmeecussSOotT iS currently iocated. Jiesemeen Of She BCS is 
based cn the use of standard message formats and the exten- 
Pees: Of mnemonics. The rough ir2ft of TC 6-1-2, Battery 
Somem.c> System lists 36 standard message formats. The 
Meee y -O ~his TC provides 32 dictionary of 276 mnemonics 
meecad?-_on to those used for projectile and fuze identifi- 
Seem. it takes time for an operator to become familiar 


with the basic mnemonics. ie eee henems Eely heavely 


Seeeenhe published lis* of mnemonics. 
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mimes authcr's “OD: nwenm,  cn= BCS is 


han FADAC. It appears to be more difticu 


@eetate the BCS than FADAC. The BUS 6c 
of memorization. Data LDU Beqw@aros a 
feenc., Using FADAC as a baselins, ther 
meerease in the amount of typing. The 


Nets COmp Ll: cated 
ior <> leazny how to 
“uirées a great déal 


Taeqe emoOunt of 


oe. Ss eS "seegn tice 


ECS opeba tor “is 


meguired to type in text, mnemonics and numbers 


MeaAraAS is cWerently planning @o alle 


Mmmm uct7Oon on BCS to the Jtticer Basic Cr: 


requires a degree of field artiilery sy 


aes fey pre ; 
B=On Or seCn aa 
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beyond <zhe simple cener 
USAFAS haés recommended <=hat due to the inc 
Meer espcns-biiivty of the duties of shes 


flcahy bs ttTery ‘sho 
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Meecerner= in 
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Seeeeye4Q hours of instruction on the BCS. 
Meee erclude familiarizazion with the 8cs 
ama capapilities, constructing data bases 
MeerikRe cr autoncmous firs missions. The 
Me@omopetetor's course is currently undér 
hes been estimated that 2zppreoximately 80 
Mmeomeewould be required for a basic o 


[Ret. 41] Regardless of the amount of 


102 


cate 120 hOW nS oO. 


EDO, *he senior 


WieG ee <he “FO. 


YY Gren cers Adverce 
Ss) aztanding <zhe 





Beov.dqed «0 operators, proficiency is oniv attained and 
Meemteained through unit training. SAGAS 2S Studying =he 
Meee pp 1i*y of Obtaining training Simulators which could be 
programmed to dispiay specific messag2s in support of struc- 
eueeq training exercises. A BCS insertable, Eixed format 
meme, Wich would simulate the TACFIRE and DMD interface is 
meena PpuLrSUEd =O SUppcrt initi2l BCS fielding and s 


temporary expedient prior to fislding of the pregrammable 


Meeining simulatcrs. 


@tive is selected the Marines 


en 
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moumenelizy: Is@ehis al 
CG-ps ard «the Army would have the same battery level fire 
Memect Cn computer. The Marina Corps would be abie to take 
mee acvantage of commen logistics and training suppctt. 
Training and maintenance publications have already been 
develcpec. Softwares Maintenance would be performed by the 
Army (USAFAS, Gunnery Déevartment) th the same manner thax 
FADAC tapes were updated. 


The BCS serves as th 
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Meemcapadiiities ate optimized when it is linked to TACFIRE. 
M_emmmaamy’'S training wili be s=ructured *0 suppert+ ths 


Bey TACFIRE intertrace. Th Marin 
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250s Era nenG well. have 


to be modified to emphasiz= BCS autonomous operations. 


Meme ec opserabi lity: Diem Dos 2iesmoperates “with anc=hesr 


Meee TACTIRE and the DMD or FIST DMD. Norden Systems is the 


eeeope> and producer of 38CS ani is currently under 





Memes ac- rer the MIFASS EDMs. MEPASS =2nterface problens 


vould be minimized, since the same company has worked on 
ween Sys ens. Gmy one Of the systems (MIFASS) ose ai) 
Meeet Ceyclopmen*. 

mad ciemelly, Sete meocS Wate antesz=race with the M90 


Velocimeter, AN/TPQ-36 and the MDS. The Marine Corps would 
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Mermenave “0 tes* these interfaces since all three programs 


were designed and developed to Support the Army's 


een wemeace £or weh= BOS and DCI will have to be devel- 
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Seems The Marine Corps will have +2 «est <x 
Meee SYStEGMS 35 fot curecantly working on a BCS/DCT inter- 
ue SNCs the BES :s in production, a rational approach 


med D= =O MOdi ty theeDCT +o meet the BCS requirements for 


Mmeecurtencny. Cost: PaerelcecMenimecoscecs a2e based on a FY 
ieee precuctement or the BCS. Table IX presents the curren? 


Pere Of the BCS procurement cost for an eight gun 
battery. The Army has decided to provide two complete BCUs 
Meets €lCht gun batterias. AL1 costs in Table IX are in FY 
ieee dollars. 

Mmese Costs are based on a Marine Corps buy under the 
mmeeeeng firm fixed price contract (Ref. 4: p. 7-A-B-6]. TIé 
Meemearsr]e COrps is not able to procure the BOS under ths 
eee d CONtract option iate (30 April 1983 and 30 April 
1984), a new contract will have +> be re-negotiated with 
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Nerden Systems. 
Beobably result 
Table IX. 

Seen LT ERNATIVE 
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meyoc required 
meonS . 
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was Suppcsed to 
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+he PHHC, 

mr =he late 
nity realized 
requirements of 
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Ennanced rD/SC 


mee MIFAS 
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TABLE IX 


HES ProcGuls hens cost 


—— <P ae ee ome wo ee eee eee Or 
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Ms =-Pecqo the cnoOnewon ne Ccomtact (will “Yost 
mre heater Costs then hose Ldenearite 4 
Beeson aNGepeer TRE DIRRETION/SURVEY CASECU ISNTOR 

Has S¥6lVei =Grem the eteaend-alone 


2c nee ol Gena iw EP ASS DeGgerbil Ssaec? tf kca- 


S requirements caliei for a smati, Aand-held 
pecs eee ny Dee omy level. Tepe Secrest OT 
SUppOoTt autonomous yat* ery operations. The 
ments closely parali2l the capabilities of 
toy 0's) Tame Marine Cotps development commu- 

fhe FD/SC would aot meet the operational 
Tecra levee tery On Zhe battletield of 





Peompted the Marine Corps to participate in the develcpment 
of BCS. Chapter Three discussed the reasons for the Martins 
Serps withdrawal from the BCS progran. 

After the Marine Corps withdrew from the BCS progran, 
Norden Systems submitted 2 "no cost to the government" engi- 
neering change proposal (ECP) to enhance the FD/SC. AS part 
Memetne MHIFASS contract, Norden was reguired to provide 


eleven FD/SC EDMs to the Me smne 2O5pSs. However, the ECP 


} 4- 


meammeed the number of FD/SC EDMS to two. Norden is currently 
Meme cOn*ract to deliver «two Enhanced FD/SC EDMs to ths 
were Ccrps in March 1983. [Ref. 24 ] 

Norden is inthe process of submitting a ovoroposal to 
Bieener enhance zhe FD/SC, so that i* meets or excecds «he 
Meee licleS speciried in the Marine Corps ACS ROC. Nordeéents 
Meepesal is tO produce and field the Enhanced FD/SC as 
Currentivy specified Sle ene = ED/Se Program Performance 
Memeeee cation 2157-5-0110 and ECP 00971. Additionally, Norden 
Meme cc ~nclude a digit2ai GDU communications channel that 
meme. ccdressed in these specifications. [Ref. 42] 

If a production decision is mad2 in July 1983. Norden 
projects that initial deliveries of the Enhanced FD/SC could 
Meme = che third guarcer FY 1984. [Ref. 43: p.~ 62] 

Furtner enhancement of the FD/SC would be based on «he 
Smee pe Cf preplanned product improvement (P3I). The P3T 
would no= require any hardware changes. It is based solely 


On additions =o existing softwars. SOrewar= sdC2220"Ss are 





eeieweead cOepcovidestcl] Gigical communications and gzaphics 
capabilities. Norden envisions the P3I being accomplished in 
two seperat« phases. The first phase would provide the soft- 


ware additions necessary ts support <zhe full digital commu- 


eet icns capabilizy. The secord phase would provide ths 
software additicns necessary for eeeeGearhecs Si 2a swe 
Meeplay complete with fire support coordination measures. 


Peeeex=Nacive 32S the @ehenced FD/SC in its final forn; 
meee 2s, complete vith communications and graphics capadili- 
moos, iiemeeeemn. Cal “dasigneipecions Wlll sidentifiy current 
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Enhanced FD/SC capabilities and the additional capabilitiss 


that carn be provided by Norden's proposed P3I. 
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The Enhanced FD/SC is a state-of-the-art automated firs 
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“aon c (eeiemecnememeecd FD/SC im its final fon 
Semeenes improvements in the computation of firing deta, 


communications and gravhics te enhance overall system's 


{a 


a ow 


40) 


wh: 
ree nS 


(eee GC NSS=Sairpne COomnand, contz=ol 


D 
th 
I-h 
(D 
Q 
cf 
| 4 
< 
iD 
eS, 
wD 
in 
iN 
a 

+4 


iw 


memecommUnications Systems inherent to the tactical employ- 
Men- Of a Marine artillery battery. The complete battery 
& 


Meera re direction system consists of the Enhanced FD/SS 


me =nhanced FD/SC is a self-contained, command, con7rol 
@eemcommun=cations terminal. It provides for in*egrated or 
Bema =eliOne tactical and technical program control, informa- 


=O nN storade, Pmecess: 1g, Somoueat- OT, fixed and 
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Peogmeemmable key entry, and display of fire dizectlon or 
Survey data. The Enhanced FD/SC is a lightweight, battery 
Mewered, handcarried fire direction computer. The Enhanced 
Miese Lunctionally consists of a cantr2l processor, communi-~ 
cations precessor, modems, memory, pixed Kevic sess pian, 
interactive device, asynchronous sérial interfaces and power 


source. The Enhanced FD/SC programs and data are retained 


mmmaucomatically restcred during power cycling, eliminating 
the need for a pfrogram loading device. The Enhancea FD/SC 


iD 
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hardware will have four du2l1 purpose communications chen 
and one GDU channei. The dual purpose channels vill provida 
Meee digital or voice recseption/transmission via wire or 


mmeeoe tne GDU channel will provids for the digital rwrzaz- 


mmmeetorn Of firing data from che FD/SC to the 3DUs via wire 
Srecadioc. PicemnqarciGHl sehaanel Swell be included in ine 


Meemenmced FD/SC EDMs. The software +5 support the Ecur dual 
mepose COMmMMUNnIcations channels wili be vart of the P3I. 
moe GDU which was developed by Noztien for the ECS wil 
be used in this system. The GDU consists of 2 Czisée Assembly, 
SCA anc =wo GAs. The Case Assembly provides the interface 
between *he *D/SC and the SCA and tws GAs. It alse serves as 
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Meeer SOUrCE ror the SCA and Gas. Fach section chiez 
receives his howitzer's Fire Tommanis on the SCA while <the 
Seelectcn and quadrant slevation are Simultaneously 


displayec on “the gunner and 


4p 


SSsistant gunner GA's respec- 


tf 


cively. The GAs sill be mounted on the howitze 
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physical characteristics 


perils ei Css Table X provides the general 


f the Enhanced FD/SC. Tie tore |. 


weignt of the system is based on the equipment required to 


mmoport an eight gun battery; that is two 


J 


GDUs. "he weight of the reguired power 


Beercer :.S not inciuded. 


a ook 


Enhanced FD/SC Physical Character 


OVere@zll Damensiors (in.) Ose el oso (1) 
Case. 2 034(L) 


EDS Csaee TT GeO2 Gg 


cables and GFE 


: ass 
Lee S 


pemiee Sn oe Gaia) 
pe aa), © 1) 


SCA Sai qiee Usa (wn), 2.2 (A) 
SA Ore je, tes CN) leo (4) 

fen tes (c:u. ft.) POS C oo 

Weicht (-.bs.) i DS Gomes 5 
case ee 
SCA Dies, 
SA ee 

Demat Weight (l1bs.) BOZ 

Merery P20 hee 4 08s [Noeds 

Display FD/SC, olasma overlayed with 
an interactive device, 
Vetoes. 25 Lanes woth 36 
ehetwacee a5 Den lens, YOO tozal 
Ghewiceo=S, aoOoLox me zely 
Wee Ne te hema h < 

Display Dimensions (in.) Poe gsi 2 “(Weeks 15 48) 
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The Enhanced FD/SC's wmwemory can ce expanded to 816K 
Bytes with the addi Samet oseeeanai plug-in memory 
edule. The Enhancea FRyYSC*= semarv could be further 
expanded to 2000K Byt=s based or projected technological 
advances in the size reduction of aemory modules or the 
Mmeorpcretion of a peripheral add-on nass memory. Norden 
believes that a 2000K Bvte memory based on smaller sized 
memory moduies could bs Snstaivem~e inside the current 
Enhanced FD/SC hardware. [| Ref. 421] 
Mme Enhenced FD/SC will use only «he teft half of the 
tal display area. This aliows far the presentation of 
Mmemcy-r-ve lines with thirty-six characters per line (toxal 
Mememnundred characters). The lerz h2Lf of the display will 
BPemuseq for displaying text and proctammable switches to 
Meeeeemen= the fire direction and survey functions. The left 


Memeemor «he disvlay is 3.86 irches wide and 4.75 inches 


th 


Mee The right half of the disciay is reserved for the 


Meepnecs capability. when the graphics capability is added 
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Beemeecasplay will allow for the pr2esantation sf eighteen 
mumeared characters. 
The plasma display is overlev2zd with an interactive 


device. MLS waevi Ce p=oVvi 
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Meegna-c 2 specific location on the display surface for 
programmapies item selection. A finger or stylus can be used 
tO activate the interactive device. NGrwol Touching of [he 


Meeepeay SUtface is not raquired. Finger travel within .45 
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~. 


mmemeot the display surface Will activate the inzeraccivse 
device. The Enharced FD/SC is the only alternative which nas 


an interactive display. 


Power Requirements: [The Enhanced FD/SC can be powered 
by interrai or external power sources. Internal power is 


provided by three non-rechargeable Lithium stick (BA5600/6) 


(D 


batteries or ten rechargeable sealed lead acid D-cell (BA3G} 


Mae ©erles. External pow2r is provided by: che external 
MIFASS Battery Box (2157-S-0019), 23 VDC vehicular 
batteries, and standard MEPGS. biiereadtesO0n Of @ smell 
converter alilows he us2 of standard garrison power {69 


Syete, 120 volts). The rechargeable internal batteries will 
meemerge when the Enhanced FD/SC is connected to an external 
Mewes SCUTCE. 

The Enhanced FD/SC has a pow2r conservation feature. 
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When powez is on and the Enhanced FD/ 
M—peorms.g One Of its specified functions, it will save its 
Bmmeer. Status and go into a power consérving idle mode. in 
this mode, <=he Enhanced FD/SC wili blank the display, retain 
aii information in memory, keep the power indicator on, and 
MemmpePa Dic Of retuzning =o the active mode after receipt of 
an incoming message or a fixed key dapression without tha 
eee r = MOdi fication of any data. After returning to the 
@eeave mode the Enhanced FD/SC will continue normal opera- 


meemecccm I-s last period of active speration. 





Based on the operational scenario presented in the 
Pir ASS specifications, Norden has estimated the expected 
Operating life of the internal batteries. The expected oper- 


meerg life is currently estimated at twenty-two hours for 
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mene Lichkium hbeazteries and four-and-a-half hours for h 


rechargeable sealed lead acid D-cells. The operating time 
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provided by the batteries is a function of system usage. 
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The -¢expectec operating time of thes 
evaluated during developmental and operational testing. 
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The GDU Case Assembly serves as the power source for the 


2 


SCA and GAs. The power options include internal battery 


power and bC generator power. 


Monmuni ca: ons: Meme nnamweed ©rD/SC Currently does nox 
moe a COMMUN Ta *itons capability. Poe senhamesa rays hard= 


Ware is aesidqned to provids four dual purpese communications 
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oO 


(Dp 


G@@eanreis and one GDU channel. Norden plans t*95 include th 
Seeeewere tTeguired to support a digital GDU communications 
Seems! on the Enhanced FD/SC £DMs scheduled for delivery to 
Memes he Corps in March 1983. Ths *xisting Enhanced FD/SC 
Meee. Cat:.ons do not require this capability. The softwares 
required <*0 opezate the four dual purpose communications 
Beermets is the first phas= of Nerden's P3I proposal. 

Meee fine! version of the Enhanced FD/SC provides for 
mefeeca! OF voice communications via wire or radio over the 
Zour duai purpose channels. Diomabumre: Well obOvide for 


Mm@emo2d* al transmission of firing data from “he Enhanced 
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maysoe tc the GDUS via wire or radio. The GDU ue do 
provide for voice ccmmunica tions. 

Phe dtal purpose channels #ill support the oDCr and 
mete OQ 36 interface. The Enhanced FD/SC will provide a net 
Mreend Capability to reduce net usaza conflicts by muitipis 
Memes. The Snhanced FD/SC wiil be able to handle sixty-four 
Pmect- bers. Encryption compatibilities include zhe KY 57, 


KG 31 anc 84 COMSEC systems. 


Mequare tape lcadinag of pregranms. THe Biwwenced FD/SC 


programs and data are retained and automaticaily restored 
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loading device. The inii 
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permanent data files. 

Mies scrhanced FD/SC programming uses the Modtftied Point 
Mees Sal_istic Medel. Norden has proposed tnaat the Improved 
Meer aed Point Mass Bailistic Model be incorporated into the 
Bemerced FD/SC's software 2S part of the 23. Bailastics are 


Beovedec for the follcewing calibers: Hesmne loo00,. O LLCh, 


u 


and Simm. Nine different weapon system models are included 


on the software. The Enhanced FD/SC can compute firing data 


iQ 


Memeeea:! current Marine Corps artillery weapon systems 
meemd2=g the M198. All w2apons and ammuniticn data used in 


ead Onlv Memory 


AJ 


Memeest Cc computaticns is stored in plug-in 
Mees the FD/SC can compute individual firing date for 
eight weapons. 


lige 





emacs capa pilt cies: “Table Xi comtaeins the current and 


proposed data base storage capabilities for the Enhanced 


FD/SC. The Enhanced FD/SZ can deternine firing data, stores 


basic weapon and ammunition Perea. LON , and apply 
mepestracion Corrections for eight weapons. 
ie eos L 
Enhanced FD/SC Storage Capabilities 

fe 2 Sa aee P>opesed 
Targets 3). 109 
Known Points S10 100 
meelLocations 30 30 
meee SuPPCr: Ccordinat+ion Measures 0 10 
Meteorological 2 5 
meoeviduel Weapon Locations 8 8 
Individual Weapon MVs 8 8 
Concurrent Missions 2 3, + 1 FPF 

The software additions would provide ammunition 


Mmemoumcsng, increased target and known point files, fire 
See or. COOTdina*ion measures, incrs2ased concurrent mission 


See otirtty and storage for fire plans. 


Mission processing: Currently fire missions can only be 
Metals y inputted. When the firing data is determined =* can 
Mem@eeaansmictted digitally from the FDC tc the guns via wires 
memecealO. The first phas= of the P3I proposal provides the 
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Sieeea2g2-al communications capabilities for the system. In 
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the Enhanced FD/SC can only 
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the types the Enhanced FD/SC is programmed 


mem pLrocess. 


PAPE ALT 


bit 


Enhanced 
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Missicn Processing 


Area, Low and High Angle 

Bega s- rateon / Des ef uction 

mene nation 7 Cocorilineted ITilumination 
Airc Observer 

Nuclear 


Me crhanced rD/SC wiil process all three metheds of 
Beeget location: me Doles and Shiltt from a known point. 


mean =tatge- line adjustment is provided for Ais 


© 


bserver 
MeereroOns. In processing 4 auclear fire mission, the Enhanced 
Meese compuces only the *tzchnical firing data. 

Pee -War= missiOn osrocessing additions would include: 
Fire Plan execution, Laser (stationary or moving target) and 


MeeGss On Guided Munzttzons (Copperh 
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Se Piemmsadeameed FRSC pericrns 2 


Me@eee Or auxiliary fire diracton functions. One of the 
major auxiliary RURCEEO NS LS the determination of 


Meg@st ation Corrections. It can currently store and apply 


Meueraitferenz sets of Registration Corrections. Softwars 
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meet Ors Willi increase this to six sets. The Enhancea FR/S2 
merece s GFT settings for manual backup. It can determine 
Meea fOr replot. The Enhanced FD/SC stores and anynplies 
weapon muzzle velocities. M90 Velotimeter readings must ha 


Meme iiy corrected for projectile weight ard propellant 


temperature to determine she waapon nuzzle velocity. MVY and 


Comparative VEs must be manually determined. 


The Enhanced FD/SC is programmed to per: 
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Beeea-d SUTVey operetions. It als> computes zone-to-zon= 


transformations. Its survey capabilities are exceilenct. 


Maintenance: Pi wetimaresd PO7SC COmiduns a  bulst—in 
Sepr-test which monitors performance and can be used at the 
Organizational and Intermediate levels of maintenance. Tie 
Mee an Seir-te st is initiated by the cperator via a2 menu 
meets Cr. The cperator parforms the built-in self-test as 
SewereOr the preparation for action sequence. The tes7 veri- 
P2eS the proper cperation of all prinary memories, keyboard, 
Meeeoteay, alarm, battery charging and power functions. Ths 
Meee r Opetation of all central processor instructions, 


Memory acdrassing, buffering and input/output functions will 


also be verified. Na@earonally, the Cavan. l>2y and proper 
SeeetiOr Of conmunications processsrs, Spare memory and 
Meym@Gnnrcnous serial interface is verified. The buzde-i127 


femmeeces-. tS able to detect ninety-five percent of «he 
Mees on the Enhanced FD/SC. An alarm is provided to «he 


Mmmeeeor +O indicate failure of th2 test. The Fail Indicator 


evs 





Siluminates when the Enhanced FD/SC has failed either a 
Mmecottience monitoring or ths built-in self-test and is no 
ionger operational. 

The Enhanced FD/SC is constructed to provide 2ase of 
painternance, accessibility and replacement of all modules 
ge Printed G4zGNe£* boares by Maintenance personnel. 
Megenazactional jevel maintenance is performed by the over- 


M@emetic=o 2G cuwn]e buzit—-in s2eif-Zest ani/ort go/no-go diagnost: 
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mepmware to identify a failed unit. No support or <¢st 
equipment is required. The Enhanc=i FD/SC is designed so 
that the operator can replace some nodules. Operator nainte- 
Rance should be¢ a function of the replacement modulas 
Seeckec by the using unit. MTTR at the Organizational level 


is based on the time required for an operator <*> determines a 


Wnit is defective and repaice it with a qood moduie fron 
Means ze~1lonai stocks. The original FD/SC spacifications 
required that tne Organizational MTITR be less ‘than fifteen 


Menuces:. 


However, the maintenance concep* formulated ter the 


original FD/SC was based on ‘the replacement sf modules az 


the Intermediates maintenance level. Defective units were £9 


ty 


be epaired at the Intermediate level utilizing lewes« 


ES 
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[eeeacble items (LRIis) stocked by the activity. MTITR at 


the intermediate lavel is currently estimated at less «han 


fla 


cr 


Suess y Mnutes. Mieeees SSstamat= to be greater than «two 
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Mmeaousend hours. MAC GCONe sae {Orr's Ssstima 
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es of MITR ané MTBF 
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would have to be evatauated durinc developmental and operta- 


jmonel testing. 


Ease of Operaticn: The Enkéesed FO/SC's programming 
Uses leyering of menus +9 present information to the oper- 
meee on the left side of the display panel. After set-up and 
Memeo a’=Zation, the operator is presented with a manu of 
Beeeem Functions. When he Selects ous cf the system func- 
Peons, the Enharced FD/SC leads him through properly 
OT eh 


sequenced steps to allow input of ali necessar 


data ) 
COMputation. The operator selects 2 choise from the menu by 
touching “he area of the interactive display panel. 


Prempting techn: 
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me@eeugh the sequence cf actions Ks yust perform to ex 
System function. The operator is abist cto review and edit his 
Meme. The operator directs the Enhanced FD/SC t9 execute 
MePMeerinct On. Lf ail the input data is correct, zhe Enhanced 
PO7SC performs the computation; otherwise the operator is 
Meeeesced =O an infut error. When the sompuctation is complete, 


ee 


(p 


tne Enhanced FDySC al S$ the operator and displays the 


Mumemontc cata. The Enhanced FD/SIO dees r90% destroy input data. 
It alicws the operator *9 craview input data as weil as 
Sepa. d&é*a at she compistion of computation. Manual and 


automatic deleting of data ar 


(Dp 


provided +0 purge unwanted 


data from *+he data base. ieemeaneate=arp/SC ~provides the 


t- 


Gueeeot che. Tec2ali of stored 


fu 
j 
j— 


Operator with an index ani 


data. 
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nteractive display and a fixed keyboard proviis fer 


} t« 


ae 
operator input. The interactive display provides progran- 


mable keys (switches, menu items and alternate entry selec- 


mn} 
“h 
© 
5 


tions). The operator is required to make a salecticn 
mae display. Input default selections are provided in the 


presentation of some menus, GOpenat  =he “© 


So 
(D 
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O 
If 
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meaw-ered to make an entry unless his input data is diftiezrent 
meom the default (normal standard entry). 


The fixed keyboard is divided into two major areas: 


(Pp 


special function and numaric. The Fixed keyboard ccntains 


thirty-two total keys. The keys azée pressure activated and 


+4 
iw 
$a 


provide @ positive feedbarsk tc the »xperator when activ 


ey 


- Sipeeort Tthewsise 1 


in 
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ne 
functior keys are currently spares and will be programmed ic 
Sor. the P3l software aiditions. There are twelve numeric 
meeemeas g2—S, decimal ard plus/minus Sign}. Addstionaldy, 


meme yDOard aréa cecntains three trouble indicator lichts: 


P3I proposal will enable processing 
hO be <iritiated by the receipt of messages from external 
mueees OVST Zhe communications cshannels. A Call-For-Firse 


Zones QBOrwatG  ObSerVEeT Will 


th 


Meamsmi ted via the DCI 
M@ecodt= the prcpet steps to commence processing the fire 


fess: On. 


lees 





B fecommeapebality and graphic sursor are included in ths 
@pephics P3I software additions. The Enhanced FD/SC will 
Beev.de the Capakility to hook a symbol, tzhereby identifying 


St as the point to be effasted by subsequent switch actions. 


(D 
¢-+ 
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Ths hook symbol is a square designed t9 enclose the sg: Gzed 


Seeoac= symbol. The graphics cursor is a displayed position 
a 


defined by the operator's finger. Thewvgzaph. csoaNeuzscor 
mumeows ~leminperctor's finger until h= is satisfied with its 
position. When the operator removes his finger, the graphics 
meso l Willi disappear. When the center of the cursor inter- 
Pees eny part of a symbol or souches a iine point, that 


Sool orelin will be hooked ani the hook svmbol will 


(D 


pmemose -~ Bearing gloves may require the use of 2 stylus. 
Wher ~his author visited Norden Systems on 10 Seotember 
Meee, tne Fnhancead FD/SC hardware and software had not been 
femmea. Thevactual display of information, layering of menus 
and system operation could not be fully evaluated. In early 
software for the Enhanced FD/SC £EDMs was boxed 
Sn the actuel hérdware. Norden Systems should be able to 
G@etiver the two Enhanced FD/SC EDMS +9 the Marine Corps on 


Scheaule in Marck 1983. 


Bommcnaliczys: The Enhanced FD/SC would be a unique 
Marine Corps system. Norden'ts GDUs, dsvelioped for the BCS, 
WOUild provide the only teal commonality. The technology 


employed in the development of the Enhanced FD/SC'sS basi 


Q 


Bempone:.<¢s has surpassed the technology used in the BCS. Ths 





fy Low degree of commonality Greates certain disadvan- 


tages. The Enhanced FD/SC would be @ Marine Cates unique low 


density iten. The Marine Cores would have *» manage the 
entire maintenance effort. iwecaes0a ce MERUpbiy Of cTepaic 
parts would have to be procured to Peper. Ete nhanced 


mse throughout its life cycle. The lack of hazdware2 


memmoral:ty would most likaly result in ineresssed logistics 
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Sees, Additionally, the Marine Co 
for software maintenance. 

Moeden would haves sstabiish a productios lint for the 
Fnhanced FD/SC. Initial production Line prohiems associated 
With any new system would have *o bs resolved. 


Uses 


COMéEC has 


” 


Cc’. 


nd 


tay 


nhMhanc 


ib 


cated that the 


j-- 


Noraen has 


ME a=OWCh DOtential tc evolve into 2 nultinceroose ii 
Ie 


iQ 

2p 
a 
' 
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emg. COmDat terminal. This evolution could he based soley 


SueesOritwere modi fications. 1£ the Bnahanced FR/SC's sottware2 


memmodified for other Marine Corps applications, and th: 
Same basic hardware is used, than item Jernsit would bs 
increased. 

Morteroperability: PROGctaoiencrol “AS enhanced  FD/SC 


Mememaizes the macority of interoperability problems for <he 
Dattery level fire direction computer system. Norden is 
Mew Op_:g “he Enhanced FD/SC so th2t it will be able to 
interoperate with MIFASS, DCT, M90 Velocimeter, AN/TPQ-36 
and MDS. The  MEPASS imtsrface is no real problen, since 


Meed@em 2S building the MIFASS EDMs. Additionally, Nozden is 
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Pierently under contract t5 develop the fire support appli- 
cation software for the Litton DCT. This should greatly 
simplify the development of eas DCR tahanced FD/SC 
interface. 

Norden developed ei] bes interface for the M90 
Velocimeter, AN/TPQ-36 and MDS. These interfaces will be 
Mmeor porated in=c he Enhanced fFD/SC. ine GAS 1s “sr2id 
under develcpment but no major interodperability problems are 
anticipated. All of the interfaces will have to be tested as 
part of the developmental and cperational testing. Ths 


Mememazecion of the majority of che interoperability prob- 


ree 


Mems is a definite advantage of the Enhanced FD/SC. 


Precurement Cost: Procurement costs ars based on a 
Beepoe’ procurement of the Enhanced FD/SC. On 18 November 
W962, Norden provided a Rough Order Magnitude Estimate of 
meo,000 per Enhanced FD/SC to this 2uthor (Ref. 42}. Tes 
estimate was in current dollars (FY 1983). The cost estimate 
WaS ocorver=ed to FY 1984 HOwkaeSs  (USsir the standard 
emer tment of Defense ten percent inflation factor. The FY 
Meoee preduction cost for the BCS SDU was used for <«he 
Enhanced FD/SC GDU. Table XIII present NOLcaden' S CuLren- 
Beeemeacec Of the Enhanced FD/SC'sS procuremen> cost for an 


Peene gun batter y. Mi ecost oem ables k lis are in FY 1984 


oo 
my 
cl 


doliars. Norden estimated t the iavelopment cost for the 
@eeectOnal software to support «he P3I would be approxi- 


Mecely <wo millicn dollars [Ref. 42]. The development cos* 
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M=niot 2.2Gruced in Tebis XIII. The large amount of software 
memes OUnent/PLOgtemmatmy rcequized for the Enhanced FD/SC in- 

troduces a large degree of uncertainty concerning its actual 
ee, =f “has atthorms opinion, mme total cost shown in 


fee XIII is soft. 


ACE eek ee 


Pies e Ve roOciTonen=) Cost 


zien ose ees feo Number Required Opa GOS 

FD/SC $55,000 2 £110,000 

GDU $12,452 : $ 99,616 
$209,616 


D. ALTERNATIVE 4, FIRE CONTROL COMPUTER (FCC) 


feet cr Da Systems’ FCC provides full automated compu- 
mien, COMmmunications and display capabilities for mortars 
Soa rciiiery. It is a hand-held, lightweight, bat“ery 
powered ire deBeceron Computes, capabl of rapidly 


Semeutarg ballistic trajectories for «the complete inventory 
See noOltars, artillery and ammunition types currently 
m=) ded. PeaeGonbs acs 2iprteovements if the» computation of 
Mead data and communications +t) enhance the overali 


System's effectiveness. 


es 





mmens reo has evolved from th2 Morter Fire 


@mmeeculatoer (MFCC) develop2i by Litton during the mid i976's¢. 


_ 


Meemerirst feasifility model of th MFCC was preduced in 
fees. The MFCC was subsequently modifi#ae to include the 
ballistics for artillery weapons. The FCC was developed fer 
and field tested by the United States Army. the Army decided 
moe tO procure the FCC. 

[eee cOn 2S currently manketing ‘the FCC 25 part of a 
Memplete battery level fire direction computer system 
Memon’ s system corsists of a FCC, Tommunications Tnter*ace 
fee (CTU) and GDUS. The FitC and CIU would bre lscatec at the 


Geectery rDc. The GDUs would be iocated at the indivieue 


<j 


weapon iocations. Litton has developeaqd the hardware and 


Mmemeced Gemonstration artillery weaopns pregranming for the 


BS . CIU demonstration hardware has been davéeloped «3 
Smeeor. 2 S:iX gun battery. DieeGOU NaSseorly bess Conger; 
aily defined. Pes (teskering demionstres:onrs Litzon is 
Mimjerenct.y uSing the DCT as a GDU. beaetcore has Pot does, ed 


Meeener <cO deSign and produce its own GDU of attempt <9 
eeeuirs ar existing GDU. Litton has given serious consider- 


—]0n +o using the Norden BCS GDU. [Ref. 45] 


Maes FCC is he heart of the Litton battery level firs 
Gereet2 On system. fee pesvodes ths Somputetionel capability 
and basic communication interfaces. The FCC has two communi- 


@ee2ton  r*erfaces: Cte sc some] StrRcer=sc]= ana a dual 


t 


purpose communication channel. The FCC serial interfaces 
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Memeo es fOr digital reception/transm_ssion. When used in 
Seieienct.On with the DCT, the FCC will receive incoming 
messaces, displey each on command and perform the required 
computs sions, The dual purpose channel provides for digital 
meme ..ce receptic/transmission via wire or radio. The FCC 


was mot originally designed to communicate with GDUs. The 


memes added to allow ths FCC to sonmunicate with GDUs. 


Pee ClU LS a separate unit which provides for digital or 
voice “ransmnission of messages viz wire or radio to the 
GDUs. The cIU is in essance a wire line adapter. A radio 


must b¢ connected to the TIU to complete «he radio communi- 
ms .ink between the FCC and the GDUs. The CIU also 
Peov aes @ small display which indicates weapon status by 
eemet i smbec. 

msn ]envisions ae the 3DU will consis: of two pieces 
Of equipment per howitzer: a SCA anda GA. The SCA will 
display Fire Commands and provid= for acknowledgement, 
ready, shot and end of mission reports. The GA will have two 
meen yS, ONS FOr the gunner with derlecticn and one for the 
Peeeeroan- gunner with quadrant elevation. The GA could be 
positicrned on the ground close to the weapon or mounted on 


the weapon. 


ro 


MmyseCcal Characteristics: Table MiVonpsOvVides © Ens 


Mem@erac! physical characteristics of the FCC. The actual 


weight cr the CIU and GDU has not been determined. Tae 
We-ght c= <hese two items has been estimated in order to 
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ce 


poy 
- 


B=sermine an approximavwe tetal weight for the conple 
eyoreem. The otal weight Of the FCC system is based on the 
Pema pment required to suppyEet an eight gun battery; that is, 
EueerccCs, «two CiUs and eight siUs. The weight of the power 


Wee cluded. 


UY 


Gables ard the GFE printer i 


Pens key 


rj 
tre 


FCeme nyo tsa] Cha tacts "2s. Cs 


Overali Dimemsions (in.) PC emer Coe, 6. CW), 1.6 (8) 

momume (cu. ft.) rac 00 ¢ 

feognt (ibs.) Hee seca Cru 5.50 
SGA SAGA A250 

Herat weight (1bs.) ere 2 

Memory Capaciz Wun, Boyt weeds 

Display pec, tae Brenlay, 16 Apha- 
Coane Skarecrer Ss, applox- 
ijeeee tyes JneCh. 2h height, 
“Yonpressure sensitive men- 
branes Switches. 


tx} 
©) 
O?) 
J 
= 
= 
mn 
a 
eB 
nd 


Peepley Dimensions (=in.) 


Mmeren eStimetes that prior t59 production the FCC's 
Memory could be expanded to 288K Bytes. This is based on 
projected technological aivarnces in the size reduction of 


memory mcduies. (Ref. 46] 
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ives Omcwveey DOe=qd 25 34.375 inches wide and 7.125 


meshes high. T+ has forty-eight touch sensitive switches. 
The size of the actual display area is shown in Tables XIII. 


The Gisplay allows for a maximum of sixteen alphanumeric 
characters. Four pressure sensitive membrane switches 
Sweeiay the Light Emitting Diode (LED) display. Thess 
Switches become effective following the activation of an 


Meeet alization, fire mission or output switch. 


itu 


Requirements: The FCC is powered by one internal 


ows 


i 


a: 


non-rechargeable Lithium stick (BA5600/U) Dace cryeey! The. FCC 
could be modified to use rechargeable batteries. 
Meer aicnelly, a power adaptor allows the use of standard 28 
Meeevehicular batteries. [The alaptor converts the 28VDC to 8 
Memeeand acts as a filter for power fluctuations. Ancther 
power adaptor allows the use of standard garrison power (60 
meme, 120 volts). No adaptor :s availabie tor MEPGSs. 


(Ref. 46] 


S not 


f-te 


The FCC has @ power conservation feature. When it 
memialiy petforming one of its specified functions, it will 
automatically ge 3nto 2 power conserving aOre meme. 


ACtivaticn of @ény touch sensitive switch causes the FCC to 


W 


Seourn <c its normal mode. 


B. 


| 


Meeccl eCStimates that che Lithium stick will provide 


+ 


Meet y-=en-Se hours of operation under 100 percent con*inuous 
M@eieae:Or conditions. "This 53 hours of constant operation 


=S bet*er understood as 30 days o£ combat opera+ions." 





meee wes P. 25] Mis estinate was based on normal operation 
Seeeeme. FCC gi¥en a@aetemperature of 25 Centigrade. The oper- 
ating life of a Lithium stick varies with temperature. The 
Eemec tec Operating time of the Lithium stick battery would 
be evaluated during developmental andi operational testing. 

The GDUs would be powered by internal batteries or the 
vehicular elsctricai system of self propelled weapons. in 


4 


mype Of -fnteznal batc=eries will depend on the final confiaqu- 





See purposs commanications channel. The serial interface 
Beevraqes for digital reception/transmission via wire or 
radic. The FCC will receive incoming digital messages, 
G2splay ¢ach on command, anc perform the required computa- 
moe. iA Message indicator light illuminates when a digital 
message is received. mee be GuecaneFeSeain three digital 


messages in the tuirer awaiting review by the operator. The 


, 


eat 
messace indicé*or displays the number of messages in «the 


burfer. The diqitai messages can be formatted cr free text. 
When messaq¢es are received digitally, they may be reviewed 


One iine ata time by touching th2 Message switch, then 


Be@enang the Sequence switch as required until all Jines 


have been viewed. The Back switch allows previously 
displayed lines to be reviewed. The s@€rial interface can 
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ad 
= 
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also serve as 


Beancer or the link t 
The dual purpose 


fag ot al 
Integral 
Meeaetion interfaces. 


Beye KY O7, 


Sezqginaliy designed 


late 1970's consider 


each weapon where it 


mee Giscplay unit. 
communicete with and 


to the FCC by wite an 


ieewire lines. It p 
sion of messages via 
must be connected to 

Cations iink between 


provides a small dis 


target number. 
Programming and 
che tape loadincec of 


contéin the programm: 


and the appropriate 
Memcarned in the EP 
Meee! Of the FCC con 


Perf AZ ard 1198 


pfaan| = 
Le 


channel for peripheral 


Ooty Ss) < 


Soumunscateons 


and voice reception /tra nsmission 


Standard connectors are provided 


BNCLY prion” com 


KG 31 and KG 84 COMSEC systems. 


”~ 
ad 


lcat?2 


ation was given 


could serve as 


The CIU was adi 
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GGayo mnie GDUSs. 


ad serves 2S @ wi 
roviies 
Wire 
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RGwseG ell ch 
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projectiles. 
ROM nodules. ic 
Toans baw siac's 
G ease rane ly 
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lees (Segecxaunple, 3 
channel providss for 
VLA WiD@ of tadio. 

ROESt hs Geicecongu- 

Dati bilities @rekdude KY 
The PCCewas not 


waeeth GDUS. 


(D 


(‘D 


he current 


POE enowloomm M109AT, 
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The FCC does not use the Modifiad Point Mass Bailistic 
Model. The FCC uses Litton develop!2d ballistic computation 
mmeorethms. Litton's approach uses trajectory interpolation 
algorithms, as well as new techniques for representing the 
trajectories, tc achi2v2 minimum storage and computation 
time. The fire control requirements for this model are met 
With the low cost, singl2 microproczssor which is the heart 
Semeesccor’'s "CC. Litcton claims that its approach meets all 


the 


" 


tated accuracy requirements. 


he FCC firmware would have +9 bs programmed to provids 


ae) 
"4 


Meera stics for ali current Marine Corps artillery weapon 
systems. Ui meneCmGci weomei<s 1NGividuai firitrg dara for 
eighteen weapon locations. However, it wes designed based on 
Meex GUT battery. It displeys only six Individual firing 
MeeeelOn SOlutions in sequence. The FCC's programming would 
mee tO be Significantly modified to properly support tke "3 


fer CONCEP =. 


ple XV GOWeacns the Current 


jv 


szorag? Capa bilizies: Bs 
deta base storage capabilities for zhe FCC. The FCC can 
Memerm2ne firing data, store weapon and ammunition inforna- 
meen, Store] and apply Registration corrections, stores 
Support coordination measures ani apply artillery safety 
Meeemeeor the firing position. The FCS has the capability t 
exchange data bases with another FCC. The FCC storag=s 


Bepecity does not provide for ammunition accounting, reten- 


t 4) 
tty 


Son oO 


Sa ane Nea Or MatLon, anid the application cf 
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file. [_x<tee Ome t Sens tnwehis file can 
W@sed to store Registration Points. 
PAELE X¥ 
FCC Storaye Capabilities 

Targets/Known Points 

FO Locations 

No Fire Areas 

No Fire Lines 

Meteorological Files 

ipdivzdual Weapon Locations 

BTRY or PIT center Locations 

COoncurlemeeNissions 

Final Protective Fires (FP#s) 

iWiSoi om Process: na: Pires missions 


Segacally or 
Meoetal capebilizty. The Fice dIrder 


me@emrpO are entered into <=ha 


[Meee MN2SSiOn is received via digttal 


Mmeewactad Observer, the FIC can 


mmeenog Geta. NO operatom action is required. 


memaetcrmined based on thea 


displayed for 


he] 


7.77 4 
—_—_—e =~ 


meguared to transmit the 


Meemalsc allows “he operator to manual 


ea 


manually. fhe FCC has 


SicemO Dem. . OT . However 
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=he same 


be specifically 
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ly Ww WJ 


can be 


Swe eG 


automatic computa- 


ly st 


standards established by 


ault values. When a 
transmission from 2 
Couiy CoOnpu the 


ed mre Lues and 
GQpemaror Action 1s 
the weapons. The 


ep through a firs 





Fh 


a 
tae 


The FCC can process three concurrent 
Table XVI identifies the types cf missions that the FCC can 
be programmed «+c process. The FCC will process ail three 


Mmynods Of targe= location: gtid, polar and shift frog a 


Peown point. The FCC can also process a laser generaced 
meget Cr projectile point cf impact (burst point} =n + O=ilas 


mom (Silent range, vertical angie ani direction) tO computes 
Meng Geta for stationary targets. A special key is 
provided for laser burst adjustments. 

mew s£e€eSibpilicy model o£ the FCC only process fire 
MeeslOrnrs Which pertain to the HE family of vorojectiles. The 
meee cty tO process other families of projectiles/fuzes wiil 
Memecded prior to production in ord2r to meet the require- 
ments of Marine Corps artillery. hie Eecessrng. 42) 1ucle=> 
meee MlSSion the FCC would only coaputs the technical firine 


Meee £Cr the nuclear projectile. 


Pea es 


DGGE sSs 2Cn PrOssssing 


Bea, LOw end High Angle 

Registration / Destruction 

Tilumination / Coordinated Illumination 
A--= Observer 

Laser 

Precision Guided munitions (Copperhead) 
Nuclear 


ee 





oe emer umet tons. fhe FCC pertorms a number of auxl- 


Mmaeey ssUnctions. One of the primary auxiliary functions is 


the determination of Registration Corrections. Pie. 2c CmGer 
provide GFT settings for manual back-up. It can determine 


Geta for replot. Corrected M90 Valocimeter muzzle velocity 


NGG 02 {Obes "and 


iD 


readings can be manually inputted. Th 
apoiies irdividual weapon muzzle valocities. Comparative VEs 


must be manually determined. The. Comparative VEs are needed 


momco=enstrec GFT settings. 
Mmeeree alerts the operatoz when stored fire support 


@eedinat.on measures are violated. In addition the FCC has 
Meee tute which provides for the input of artillery safetv 
Glagram information (azimuth, minimum and maximum ranges, 
and charees to be fired). Maes. cae Dbigeis y DLOV des \sfor 
Seeeoy control in firing data terms (Deflection, Quadrant 


@eyazvion and Charges). The operator is alerted if the fire 
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M2ssion violates the safety di 
reature erhances normal p2ace time safety vorocedures and can 
Sey= aS 2m additional check for combat operations. 

The rCC is programmed to perforn basic survey opera- 
Meee. ts capabilities include: Traverse, Intersection and 
Peo-C. iC. Additionally, Tho meeGr aS senoesco Dalal ty eo 
locate a new location bas2d on an azimuth and distance from 


amy knowr point in the data base. 





Maintenance: tee Sema s soe it—in seli-test for 
ali firmware. The operator performs this test @s part of the 
“preparation for action"! ss quence. Nepressing the key for 
Smeetest sWitch activates menus for the self-test of: 

io ROM, 

co «CRAM, 

wee Lrstruction, 

tee Display, 

5. Modems, and 

pee eii SWitché¢s on the computer. 

Misereto=t maintenance: is normaliy limited to: changing 
Meme remary battery, keeping the unit ¢lean and running «the 
sSeif-test routines. When the operator ruis the self-test and 
Memerem. res that there is = fault in the hardware, the FCC is 
Meee ea tO the Genetal Suppont Waintenance activity. 
Meeeron E€rVisions that spare FOCSs would be mainteined ina 
pool a= =he Generali Support Maeintenance level. A unit would 
Maem an a faulty FCC ani immediately be issued an opnera- 
meonal FCC from the pool assets. stneral Support mainte- 
meamee 2S based on the concept of medule= replacament. 

Maintenance fersonnei disassemble ~he FCC, remove «he 
Meme y C_rcuit toard, solder ina replacement board and 
Meaesembie he FCC. The unit iS retested with the self-tes- 
Bemeeres end returned to the operetional inventory. MTITR for 
General Support level repairs is estimated as less 60 
M2nutes. MTBF is estimated at 8800 hours. fRef. 45] The 
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contractor's estimates of MTTR and MTBF would have tc be 

Peweritaced as part of developmental aad operational testing. 
Circuit boards can be repaired by General Suppor 

maintenance perscnnel. A progzrammabl= *tester is connected 7 


emer pOlnts or the faulty circuit board. Then a directed 


probe is used to isclate the faulty component. The maints- 
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nance technician remceves the Uisy eomponen: 4 


Base of OWeT 2 =. One The front panel and switch 


Peacessirg arrangement of the FCC have been designed t3 


* 


Simplify operation. The forty-eight touch sensitive switches 


<a 


e 


are used =o execute actions. Several switches lead the oper- 
ator through the required e¢ntries. Prompting sequences are 
ay 


mugecaced or the dtsplay for all apolications. 


MmeeeNts inrtormmation in nenu format t0 the cperatcr. fhe 
Meeeoray presented <0 the operator calls Pe = ee. Chile One 
Sp2cific data imei moOrEeCGLem ste qualtes Chey Oopsratonm to 
amout . Some menus ealiow inpuzt ci iefault values, s0 tha- 


Meer er enzry unless his entry is different from ‘the 
detauit. The front panel is dividsi into five najor azees: 
fees > alization, 
fm LED Display, 
Meme xeCutior Switches (including aAlphanumerics), 
ieee fate Missicn, and 


a OU Pu. 





Pe- ae e2ngle Step of a series 9— steps, ‘the dispiay is 


4 


Bes2vacea hy rOMeniIng 2 ny of the Sw2tches in Bia 


iD 


fs Ons 


iD 


[memos alizacion, Fire Mission and Jutput areas of th 
panel. The execution switches (including the alphanumeréics) 
sea che four switches which overlay the display, become 


feeecce Ve folloWing the attivetion of switches in the other 


mies A2Ltas. AN attempt has been made t0 minimize the 
member OL Sswitth positions. felon cs base design phzlo- 


g 
sophy emphasized that every labeled switcl shouid have only 


The sequence switch includes a multidiodé indicator 


men, when jit, informs the operator that there is a multi- 


meme bpleck of data for display and | Selsecenon. When 
Mee nc iG Vhrvugh these lines of data, the indicator ex*in- 


MmemeGeatsd -#aicator diodes which, wher lit, indicate selec- 


gee 2 EMSs Ween the display. Conversely, if the indicator 


more 1-t+, there is no disvlay selection allowable. 
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d-splay membrare cover have enhanced *he FCC's distvlay cape- 
Peeeeey. Bright suniight no longer significantis iegrad®s the 
Meme cissplay. The FCC's field czerying céss inclufes a 


meee ctive "shade" for the display panel. fkef. 85] 
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Seeenaly". Operation is based on three primary rules: 
1. When headings 2 
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ieeecnd ea linea blank spaces ar 
2 Mine bue k=vyboera +5 Fill in che 


2. When items are isolayed from which selection may be 
made, the dispiay will show up. +o four selectable 
items with associated dispiay Siete Oscar Oa S Lt. 
iz there are additionel itsnas for selection, 21S 
Pequence indzcetor will pe lit. 
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3. When data items are called up for Soe = @G On Or 
GBemmew, the  displzy Switch indicators lid oe Wp mec 
those items which can be selected 


Commonality: The FCS would be 2 totally unique Marine 
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Corps system. ficeence, = erueand GDUS would “all be Marin 
Corps unique low density items. The Marine Corps would have 
+o manage the entire maintenance effort. An adequate suppiy 


Gmmeee Dea-= Parts would jhav> to be procured *o support ali the 
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-tems throughout wWectee li bee yole., tne DCT is very simitiar 
to the Fcc in harcware design. RODEOX= Na-ely =hirsy-five 
percent of the DCT's componen= parts would be used in the 
Bee { Ret. 45). The use of sommon components provides 43 
memecead Gegree of commonality. pees Sateen rs opal On, 
the low level of nardware commonality weutd definitely 
meme 6 Nl hUc6ancreased lsgistics costs. Additionally, the 


Memene Corps would have to provid? for all of the scftwars 
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Maintenance. 

Petton would have to 2stabiish 2 production line fer the 
Meee rhe initial production line problems associated with 
any new system would have to be resolved. beet on tes cated 


Meeecn]e FCC could be produced on ths same production iine 
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See! under development, but no major interoperability preb- 
Dems are anticipated. 

fleet the intezrte@estmiil nave +9 be tested as part of 
me developmental and operational testing. The minimization 
Memencercoerabiiizty prooleams is an advantage of zhe FCC. 
Beever, The FCC'S itmizted communications capability is 32 
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Peeps eCcULemernt of the ©7C. Table XVII presents Litton! 


@iesetit estimate of the procureamen = cost of a FCC battery 


[ewer fire ditection computer system for an eight gun 
ia ery. (eeeeeaaes amet rol= XVIl aze an FY 1984 dollars. 
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with its systems. The cost of the SDU in Tanle & 
Peeeche BCS GDU FY 1934 contract option. 
Thee AVL 
EGCe Pree GULeC Men. CDSt 

Zz20 Cos: Per izen Number Raguiresd 
FCC $20, 000 Z 
GDU 312,457 8 

int cORn Proposes =O use aA Large portion of 
MecrIRE ballistics scftware in the FOC. The TACr 
would have =o be Significantly modified to meat 
Meaquacements and applications. Litton astimated 
*macely five hundred thousand dollars would be 


software development /modificavion [R2f. 45]. 
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MOG ord | “i esoOrma si Ons MmNOVvVembDeratlgecd, Liccor seal- 
ge that the FCC could not meet th? operational requirte- 
ments listed in the Draft ACS ROc. On 23 November 1982, 
Litton's Program Manager for Advanced Marine Corps Programs, 
meeecated that an unsolicited proposal for a battery level 
femme cot ection computer system consisting of a Lightweight 
Peet eal Command Terminal (LDCT), a FCC and GDUS was in the 
Bemeess Of being submitted to the Marine Corps. (Ref. 45] 
Tha LDCT is a yrew name for the Litton Briefcase Terminal 


Mery). The LDCT is in reality a larger version of the DCT. 


Pettcn envisions the LDCI as the primary computéetion 
ero. a 3 X &" hattery. The LDCT would be located in the 
PemeeoOr FDC which was designated as the "primary FDC". The 
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PCC would be used to Support the ech2lon displacement of the 


mieeer.g Platoons. Midatondlivew thee nCC would serve as 
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Meet 2OL> whe LDCT. A CiU is needed for the LDCT and FCC. 
Macs SYStTSM WaS demonstrated f2r *his author cn 23 
umemoet 1982 az tche Litton Van Nuys production facility. 
DCTS were programmed to serve 2s the GDUs. 
Memes ew alternative was proposed <00 late +o b2 fuily 


S) ehesis. The 
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researched, documented and evaluated in th 
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meget Should be aware of this alt2arnative. Littonts unscli- 
Omeed proposal should contain detailed information regarding 
_mmmee.'s technical charaztteristics. A brief outline of «he 


meet 25 provided for the reader. 
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Licm—eEOCrr vse Sis portable, computation and esol y 
#éctminal. The LOICT has an alvharnumeric and graphic display. 
Up to three peripherai davices may t2 connected simultane- 


@iseby to the LDCT. Yhese include <¢ tap digitzer, typewriter 


keyboard, printer and 2 mass storage dévice. PRESET 


Serenity has a 128K, 16 Bit word memory capacity. Litton 
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estimates that the aemory siz be expanded to 572K. [2 
has an LED display overlayed with nambrane switches. The 


Meet has over 400 programmable and fixed function switches. 
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Bex Separate radio and wire cotnaunications channels are 
be vided. The LDCT is powered by three Lithium stick 


(BA56 00/0) Datzeries. A power conyerter allows the use of 
ZevDC vehicular batteries, #WEPGS and standard garrison 
Pewer. The operation sf the LDCT is very similiar to the 
Gee Tre LDCT is interopeareble with BCS and TACFIRE. The 
estimated procuremen* cost of tne LDCT is one hundered thou- 


Sand dollars [rRef. 45}. 


Mec OMPARISON OF ALTERNATIVES 


menpee XVIII eresents 12 COMPariS>32 of the major charac- 
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Memeo CS Of the four altearnetives. The characterisczics of 
S@emenhanced FD/SC tepresent its final form upon completion 
OL Norden's P3I proposal. Possibie memory expansions are 


estimates based on plug-in memory modules and technological 


advances. MeewNTin end MI BF ars based on cortractor esti- 
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Peo wKVIDE With the execptieon of the BCS, are the ccentrac- 


we 


tors' best Sstimates of the procurement cost for a syste 
designed to support an eight gun bat<tsry. 

The chapter has presented a technical description of 
Beut fire irection computer syst2ns which can enhance 
battery fire direction capabilities. The manufacturers of 
meer systems provided the basic technical data that wers 
pra2sented. Additionally, the chapter provided the manufac- 
meeers' current estimate of the prozturement cost. Tie sco 
Pepe uLemen= cost was the FY 1984 contract option cos*. Ail 
cost data were expressed in FY 1984 dollars. The rexr 


Chapter prevides a cost 2ffectiveness analysis of ‘the four 
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alternatives. The analy 
chapter and previous chapters to measure system effective- 


Meo per dollar crt cost for each of tne alternatives. 
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mae Marine  €orpsS current battery level fire direction 
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SeeeePEsSCRIPTION OF ALTERNATIVES 


Hes analysis evaiuztes four alternatives which are 
Maeeenctly considered t> bE the prime Camas de= 2S _.for 
Memmeac 1g fhe existing battery firs direction systems. In 
Pwema bDetical order the four alternatives are: 

Menke cetrative 1, Artillery Comput2r System (ACS) 
Peer lctsrnative 2, Battery Computer System (BCS) 


Bee AL er hative Bie Bnhanced Ene Dwr SC] =6n /sueycy 
Seculetor (FD/SC) 
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PecOMpeee= Bcenrmcai description of the four alternatives 
was presented in Creovter Pive. A number of other alterna- 
tives in various stages of design/development are currently 


being werketed by American and foreign ccmpanies. It was 


Beyonce the scope of this thesis to consider ail «he avai- 


meee, SO chat a conpiets analysis of the mos* promising 


meer natives could c=  tonductel. 


Zon Gnpating alternatives. The four alternatives have 


unequai benefits and unequal costs. A combat effectiveness 


The combat 2fiectivéeness index is based ona subjective 


essessmeni of gach  al=srnacive's CGo- ct OUT2Os ~=S an 
eater nics ee - - “ = -- - - -_ = 
Meeeetety Datipry's combat efftecztivensss. The estimated 


Se COS. The procurenent cost is based on the equipmen+ 
Meguared tO support an eight gun battery. A benefit-cost 
Meese LOL an artillery battery is developed. Ehe zatio (of 


“he comba* effectiveness index to the estimated procurement 
cost is used to determine the optimal battery level fire 


ieeeccl or computer systen. 
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meecirate Cost Estimates: The BCS cost data are based on 
me ©xXisting Army contract. tae Pi USS contract op zfon 
costs are used in the analysis. Phe cOs. E€S¢ Na tes fos ths 


ACS, enhanced FD/SC and FCC were vroviced by the nanutac- 
turers. The alternatives are analyzei based on the cost Gara 
presented in Chapter Five. It is assumed that the manufrec- 
turers have provided accurate estimates cr the procurement 
cost. 
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based cn the technical dat2 presentée2 in Chapter Five. I* is 


memamed that the «echnical data is correct. It is recognized 
that certain system features may chang as develcpneant 
progresses. 

Economic Life: Ail alternatives are assumed to have the 
Same economic life. 

ieesoduct*on of the "3 xX 8" Concept: Lhe ai7erha ives 
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seven steps were used t> determine the combat effectiveness 


mmpaex tor each alt#rnatiys3. 


eee the Major aetributess Of tive direction computer sys- 
tems which contribute ts the enhancement of an 
artillery tattery's combat izffactiveness were identi- 
=f Ve Gr 

b. These attributes wera subtectively ranked in order of 
Piposecanecs Meseq OO f£herr Indi viduel contribution to 
dr eeu ye otesy" Ss Comment foctivensss. 

Ss The four alternatives were rated for each attribute. 
Ratings of Below Averages, saverage, and Above Average 
were subjectively assign2d t9 2ach alternative. 

4. The attributes wers weighted. Waights were assigned 
Paesea Of SUrsScul Ve Fudmengeat. A total of two hundred 
weights was ailcocated among the attributes. 

=. The descriptive alternative tatings were replaced by a 
mumerical value. The assign2d value represents tha 
relative pesitioning cf selow Average, Average, and 
Noeve Avera@ rcatingas in astal¢ of one =o ten. A 
value of three rapresents Relow Average, 2 value of 
five represents Average, ard a value of seven repte- 
serts Above Average. 

Meet ne attribute weight evas mecltiolied by the respective 
Meet =cas Value for Sach alternative. 

J. The alternative's comnat eifectiveness index is zhe 
Summa lon Ci <2he im@eevidysal 2ttribute weight multi- 
on ny “Ae Sesh co Ve Negerecal valtle for all the 

ment (Tied .astrinuses. 
2. Letsrminat.on gt sf tsctivensss 


Data from tne questionnaires and numerous interviews 
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Meme et stl lery commande=ss, scombined with this author's 
Prsvious ar~iliery experience, assist2d in identifying the 
BeeeeeOUTtecsS OL a fire direction computer system which can 


Seon. ricanily enhance etl eee ee | 
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ry patzcery's combaz 
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effectiveness. fem Major ateribuctes were selectec ese6 on 
mms es euchor's  imderstanding of artillery fire ¢citection 
procedures. These ten attributes are listed and discussed in 


alphabetical order. 


eas. The Gunnery Team no een kod = =by CONMUNLGatiens. 
Improvements in the voice Or degeeolestransniss:cneaot 
Calls-For-Fire and Fire Commands will increase systen 


response time. 
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EREO T heleees Should be provided when Erronous data ene 
entered into the computer. A computer system which is rela- 
meme y Easy to operate minimizes the operator <trainina 
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under the stress imposed by combat sperzations. 
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Gum visplay. Tne 


am Section chief, gunner 


visual display of Fire Commands to 


and assistant gunner will increase 


system respons: time. 

imeer Opermability: DmMsereeranaee 1S ECOnCerned wi th 
the systen's capability to intaroperate with existing 
systems end systems currently under development. A batterv 
Weyei c2=7e€ direction computer must b= capable of receiving 
feet! 2 Zing input from the DCT, MDS, AN/STPQ-36 and MIFASS. 
Intsroperabvili::y requirements for the system should be based 
OR @n avionated assisted interface. 

Merntarnability: Pei Noomeant Nere +O dist an- 
quich Dstween Maintainability and maintenance. 
Matoeal-amolity is definei as a characteristic 52 design and 
Srstaiiztion wneich is expressed as the probability that an 
mem wilt ne retained in, OF restorei +o, a specified condi- 
Mier Wlicnin 2 period of fime when maintenance is performed 
fee ee Gance with prescribed procedurss. Maintenance is the 
Memeo. S&etlons necessary for retaining an item in, or 
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1S 2 Systen design paramet 
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Pewertitiery fire missions #@2nad the programw#ing required to 


Support «he execution of the 
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Mmeang deta. The effectivaness of artillery flre support 
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Significantly increased by the timely ara accurate computa- 
fiom of individual weapon +t0 Aimpoint baiiistica solutions 
fee account for all non-standard conditicne. 


Powe: SOUuLCS: The capabi 


i Creo d= [ect 2 Or 
computer system to operate frecm various types of power 


Sellece> provides a degree of flexibiiity to the users. 


peliabilicy: Phe@peovaoidicy that an item will 
Memeeorm -<S intended funczicn for a specified interval under 
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Meemdesiqn. Additionally, he nanutacturer's quality assu- 
memee Program becomes a key factor im aSsuring that ‘the 
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Seer mManutfaceuzting process. & highly reliable Fire direc- 


TION computer system will require far iess sipportt and will 


$v 


tt) 


provide the means for reathing vital Lavels of combat effsec- 
tiveness while noiding tha line on life cycle cost. A system 


that consistently performs will be us2d by the operators. 


Bime ama WHevaht>;  Transposeadilzty, installation and 
SyStém operation are effected by he systen's onysical 
Seat racteristics. This 2&€¢ribute addresses the size and 
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weight or the system's components, total system weigh+ and 


volume. 


SeeRenkenceor Attributes 


The ten major Hees butes were subjectively 
fmmeed on order of importance based on their individual 
Meter. put* On to am artillery battery's combat effectiveness. 


mage XIX presents the ranking of the attributes. 


TABLE AIX 


Romtatmor .At.c=: buco s 


Reliability 

Base of Operation 
Maintainability 

Communmeesat i Ons cCapebiiit 

Gun Display 

iee= Doe sq bi LiTy 

Mission Processing/Programming 
Growth Potential 

Power Sourc: 

Size and Weight 


Reliability was ranked as +he most important 


@ementou~or *o combat effactivensss. The responses tc th 


iD 


Mieserzonra:res clearly emphasized the importance of reii- 


emery, Lt a System is not working it cannot contribute *o 


Base or Operation was ranked as “he sécond most 


meomtan. attribute. The 
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nay be attained when the operator is confident 
eyocO Veeetne Svstem. The best computer in «he 
ot enhance comba effectiveness if the operator 
ty perfcrming the required system actions. The 


fire Girection ccmputer system must be designed to be "user 
moeemery’, sincs the coperator will have to use the system 
Gmemg combat) oOneraztions. Simpie procedures provide the best 
results. 

The Givetionnaizres indicated that the systen 
shouid be maintainable at the Organizational level. Wher the 
System faiis, meintenanc= actions should be able +o quickly 
restore the system tc normal operation. System downtime must 
be minimizec. 

The Ccommunicaticns Capability was tanked higher 
meameeGur Dispidy and Interoperability. These lattsr two 
Meee Du=eS aepend cn the system's overall communicascions 
PameoLic*y. Tae best Gun Display Units are ineffeczive 
meee. as Proper wOmmunications channel. Communicatons link 
the widely separated elements of the Gunnery Team. 

Interoperability at the battery level centers on 
Meemeeey=2en's abriiity <2 interface with tke DCT, MDS, 
PiiyerO-36, and MITASS. Firing batteries are concerned with 
Beeme ZeCuUtLcn Of fire missions. The impcrtance of interoper- 
ability increases at higher echelons of command. 

Mission Paoc>SSeng/PEogcanm=ng orovides a 
grsater contribution to combat affectiveness than growth 
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Peeent sc, A Dattery fire direction system should neve some 
meowth potential. Rica VOWS cor tee bility ang future 
@ppiicat-ons. However, prod grémming is required to <transtorm 
Pememcial into reality. Tremendous Jtowth potential without 
proper programming does not immediately contribute to comba* 
efiectiveness. 

Dhe™ abpwiscy tO OpeTats $260 Vaueous owe 
Scurces -:s more important then the size and weight of th+ 
Perce mM. Battery power frees the unit from realying on gener- 
meee powe> in fast moving Situations. Generators can prcvide 
Sewer =<C sustain continuous operaticzus in a relia ively 


aoc STVvironme nt. 


The four alternatives ware subjectively vated 


be 


meme ach attribute. Ratings of Below Average (SA), Averags 


(A), and Above Average (AA) were assigned. The ratings wer 


Cu 


etstmined based on the data PSSSncec” if Greeters: Five. 
Table XX provides the ratings that were 2ssigned. 

Thee 26 liabevey <2 tinag 
mmeecctOr’s estimate of MTBF. The reliability cf the BCS 
and ACS was tated above average. Th2 BCS rating was based on 
[ieee and. Operational test results and commerts of ar«illery 


Mumemee r= Stationéed at Fort Sill. The ACS 


ry 


ating was based on 


the limited developmental test results of the FIST D&D and 
Magnavox's well-defined guality 2ssurance progran. This 





TABLE XxX 


Reoreng ot Abte=npatives 


Attribute ACS ee FD/SC Bee 
Reliability AA AA A A 
Ease of Operation Aa BA A A 
Maintainability A AA A BA 
Commo Capability AA BA A BA 
Gun Dispiay A AA AA BA 
Interoperability A Aa AA BA 
Msn Pro/Programming AA A A BA 
Geemwcth Potential A BA AA BA 
Femer Source AA A A BA 
Bee and Weight AA BA A AA 


Meeror Was impressed by =he quality 2zssurance oprcegram tha 


@D 
fu 


Magnavox has establish Poach e ON and FIST DMD production 


Mene. The ACS is @ derivative cf ta2se systems and it will 
be manuractured on the sane production line. Phe MT ee ea Or 
Mmempes and ACS ate consideresd +o b= good estimates. The 


Fnhenced FD/SC reliability has not raaily been demonstraed. 


fens yYsctem was only boxed in its hardware in early Octcb=r. 


The FCC demonstration models have never achieved the stated 
foro? . ese aey St che FCC alteztnative was trated 
aveteage because the entire systen has not rsaliy been 
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mimemazea, Phew peep TS ros the Enhanced fFD/SC and FCC has 


not been cleariy established. 
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The BCS was average for ease of 
operation. THe system prompts and layering of menus provided 
Mummeidice! step by "step prote=s. Th2 ACS is a “user friendly" 
system. The BCS was rated helow average, because of the 


requirement to icarn an excessive amdunt of new mnemenics. A 


Bomaney nour s “OL Ins trucciion 5 
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BCS Operator needs at 


Menpable =o operate the Sem won Menited proficiency. Th: 
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Gebanced FD/SC and FCC wer ted average. The menu layering 
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memes FCC 2S not aS G@ftitient as th: layering in the ACS. 


THoOMECS was 
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ted abov2 average for mainzain- 


Meee ty. This wating was seseG on the excellent built-in 
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self-tes= reutines, MITR, end ¢2se of maintenance. The Acs 
ani Enhanced FD/SC were r2ted averages. Their MTTR estimates 


have not been validated by actual field testing. The FCC was 
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rated below average, 


G3 
an 
coe 
Mm 
i | 
QQ 
4 
(9 


perrormed at the Cleo see ve lh. 
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Tine VAes Sipe OL SDuNunscations capability. 
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based on the 
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The Enharced FrP/SC comtunications capability i 


Memetetlon Cr the P3i. The Enhanced FD/SC EMDsS which will be 


iD 
{-- 


@elivered to the Warine Corps in Macch 1983 will have only 
one communications chann2l. This channel will provide for 


Seema COMMUN _Cat-ons Jink. The BCS and FCC have limited 


(D 


Semmunzcations capabilities. 
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The Ocaen = GhDU  -e> ths sCS and  Enragced -0/SC 
Mes rated above average, because 12 is the only tielcaced GDL. 
The Norden GDU has been extensively tested by the U.S. Atmy. 
The problems identified during operational testing have bean 
Perrtectecaq. The Magnavox SDU is smaller and lighter but i 
Meas not been tested during actual firing. The Fcc GDU has 
only beer conceptually defined. If Litton uses c<he Norden 
SDU, inzerface problems will still have to be resolved. Ths 
FCoO GDU capability was rated below average. 

Tnzeroperability was rated above average for ths 


eemanced FD/SC and BCS. Since NOrd=n 2s develosing he 
[eens > EDMS and the software £fir2 support application 
Beograns fort the DCT, interoperability problans would bs 


merem=zec. The interoperability capabilities of the 


miyese Wo1l exceed «hose of the BCS. The 


WaS rated average. The FCC interoperability was rated helos 
évetraqge. Its limited soOmmunicatiosns capability affects 


meeeroperability. 


The Mission Processing and Programming of 


ACS was rated abcve average. The ACS has missSior vrocessing 
@epeotiities which are sihilar to BCS. The ACS incorporates 
th2 Improved Modified Point Mass Ballistic Model. oe Can 


Bempusee firing data for sixteen individual weapon locations: 


whereas, 


duai weapen 


pec lc na=_ve. 


the BCS can compute firing data for twelve 


UOGekeons., (ne BCS is the only tape 
The BCS and Enhanced FD/SC were rated 
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based or the mission processing capabilities and programmin 
presented in Chapter Five. Ths FCC was rated below average. 
2 FCC uses the Litton izveloped ballisti model. it was 
designed to support a six gun battery. Modifying the FCC to 
handle sight guns would require major software changes. 

The FD/SC has excellent growth potential. The 
meme grow potential for the Enhanced FD/SC is based upon 
Benelesion of the P3I proposal. The Enhanced FD/SC has the 
potential tc eveclve into a multipurpose lightweight combat 


terminal. It currently has a very impressive memory capa- 


ie) 


pility. The Enhanced FD/SC will provide a graphics capa- 
Beeeecy. The growth potential of the ACS was tated average. 
The BCS anc FCC were rat2qd belcw average. The BCS memery 


tnvyestment to 
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size is fixed and would require 
wegen? t21S capakiiity through an unplanned product improve- 
eee e FOC 2S in reality a very powerful calculater. ie 
@@e=> nO- have the capability to evolve into 2 nultipurpose 
eempa. terminal. 


The aCS and gnharnrced FD/SC can operate from 2 


Large variety of power sources. This provides the commander 
Mace 2&2 large degree of Zlexibilicxy. The ACS uses fewer 
Mieeacne, batzeries than =he Enhanced FD/SC. The ACS was 


rated akove average and tha Enhanced FD/ST was trated 
pueomeerge. The BCS cannot operate fron internal batteries and 
requires a power disrtibutieon unit. The BCS GDUS include an 


“nternai battery power option. The 8CS was rated average. 
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fies FeO POWer SOULCeES are Lig@ted. [fhe imability of *he FCC 
momeopetete directly froa WEPGS is a4 major disadvantage. 
Therefore, it was rated beicw averag:. 


Diemese=zeecma Mico hs Om 8 he OCS and FCC were 


Pu 


rated abceve average. Whan ali ctompvontats are considered, the 
B@myemoced FD/SC 1s twice 25 Peavy as *hsa ATS ard the BCS is 
meet mes heavier than #h2 ACS. The BCS is large and bulky. 


Memes primnat>zly suited for instalistiorn it avekicls. The 


BCS was rated below average. 


Ge) Wergpcind Of At te.b utes 


»D 


MinmeoweO@te pC =s=92> sis wWolghts =hat were sub jec- 
feyvely assigned t0 each attribute. keieht assignment was 
Meeeaecn ~2nroOrmation gain2d from zhe cverali rdsearch effort 
Meee s *heSis and this ituthor's previous artillery experi- 


ence. Any number of diffarent weighting scales could have 


Meemeused. The weighting scale shonii? eilew for a sufficient 
spread between the various attributes. This thesis us¢s 32 


Meeeurared point weighting scale, A total cf two hundred 
Meg tang points was allocated aiong =he Waricus attributes. 


Meeesanment proceeded from the liowsst ranking attribute to 
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Smee idhest ranking attribute. This 


ct 
KS 
Te? 
WD 
O 
rn 
= 
iD 
{-4 
WW 
se 
ra 
t+ 
r 
WW 
) 
ed 
“" 
qt 
(D 
E 


permits «ies between attributes. However, in the assignment 
of weights no ties occurred. All weights were expressed as 


whole numbers. 


tot 





Rises. x 


Weighting of Attributes 


Pe ees We2gnt 
Re. Dabadil sy a5 
Fas2 of Operation BG 
Maintainability 28 
Commc¢c Capabi let y ZS 
Gun Display a 
Interoperability 20 
Msn Ero/Programmin es 
Growth Potential 12 
Power Source 8 
Size and Weight 5 
Total Weidhits 200 
d. Assignment of Numericai Values 
The descriptive alcsrnacive Eats were 
replaced by numerical values. Any scale which provides 


consistent spread between the three descriptive ratings can 


be used. Rescate Of OPS “tO “er Was used +0 transform «hs 


cescriptive ratirg into a numerical value. A value of three 
represents below averzaade, a value of five represents 


average, and a vaiue of seven represenzs above 2averags. The 


}- 
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average valus (5) 2s tha numerica yverage of the values 


av and above average. Tabie XXII 


sf 
D 
(D 


assigned to belo rag 


doz 





Gen. crs 2 
Spicts Tne “~2anilaer 
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eee PrO/rrTodtTéeam ng 15 
Peep, Poter«ail 7 i 5 5 3 
Power Source , s 2 7 3 
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TABLE XAa iT 


Combat Effectiveness: f[nd=x 

Attribute acs ee FD SSC Ge 
Peraqgbility 245 245 145 75 
Ease or Operation 210 93 36 20 
Maintainabilit 140 1G) 149 Bu 
Comme Capability es ZS ize a> 
Gun Display 1 eo 154 ia 66 
Mree=t operability 110 ea 140 60 
Msn Pro/Programming To's 15 ss 45 
Growth Petential 6 0 on Bl 36 
Power Source 3115) BS aa 24 
Size and Weight 35 15 aS oe 
feral, Ccmbat 

Erfectiveness Index 1246 OS 103 "50 


memex 2S the summation of che values shown in @ach column of 


meome XXITI. This combat sffectiventss index is the measure 
of effectiveness which represents the relative benefit of 
Beem daliternative. 
Sec Ool MODEL 

Met or the aiternatives have significantly ifferent 


Meese In a COSt effectiveness analysis, “<h2 cost model 
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pioeula pe passed On the lifts cycie cost for each alternative. 
However, «he BCS is the saly alternative for which an accu- 
rate estimate of life cycles cost exists. It was beyond the 
capabilities of this author to develop accurate estimates of 
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ernatives in er 
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Mere cycie cost ror th 


short time span available for the conpletion of this thesis. 


Therefore, the estimated procurement cosz of each alterna- 
tive based onan FY 198% prodcuctidn was seiscted as the 
measure cf cost. Tandle XXIV presents the procurement cost 


Deeecttiilery battery for each alternative. The procurement 
cost is based on the equipmen* reguired tc support an sight 
Moeeast _ltlety battery. This includes two computer units and 


meg GDUS., All costs in Table XXIV are in FY 1984 dcllacs. 


Agen A Kee 


Procurement Cost Per Artillery Battery 
System ACS BCS FD/SC pee 
Cost 3102, 000 $339,860 > 20 Seb 16 ay 39, 6 16 


Miers allencr’S opinion the procurement costs for the 
Bhhanced FD/SC and the FCS are soft. These systems require 
adiitional research and development Funds for software. A 
Giscussicon of additional requirements was presenzed in 


Chapter Five. Norden? Se 


() 
Q) 
(D 


Seo ews Of =ne | pon prcposa l 


Wee: 





must be viewed as a "bast guess", SOG Wesee cos: and 


t 


development schedules have been traditionally understated. 


Mme Major2:ty G2 any computer system's total cost is based on 


*he sortware cost iMeweeort YhardwWare only  rspresents a 


emt ET eACt On Of the total cost. 
Software is th most unsafe, the least understood, and the 
mOStT expensive component of total computer system ccsts. 
Software development costs ire nOw Gimost 90 percent of 
metal COMpUtSr SyS tem costs. This percentage will probably 
increase along with the 2absclute costs of software, since 
software design, dévelonmenc ani testing (are) the most 
highly labor-intensive component (s) of computer system 
Mmecduc-s. The coset of “GoTtwar2 has risen continuously. 
Mvertcours of 100 ovdercent in both cost and the time +o 


1 
develop software have roz hb2¢en unusual occurrences. In 
MmeG@e, <~here have been cases or total failure to develop 
Systems due to software cost and schedule overruns. 
feeect. 50: 9p. 197 
iefewie os. Alcmy Gurtenc Ly phang ¢t9 maintain the BCS well 
mato the 1990's [Ref. 47}. Be teGelon Of the ACS. Fnhenced 
Meese Of rCC establishes 2 tcetally unique Marine Corps 
Meecery bevel fire directicn computer systen. The Marine 
Meeps would be compietaly responsible for tha life cycle 


Mumeeerance and «raining csos's of the ACS, Eeaenced= D775 


meme”. It should be noced that thas2 three unique alterna- 


mec ait ternatives will be a very significant cost. It is 
impossibie *o accurately 2stimate the software maintenance 
cos=S ci systems which have not even been operationally 


tested. The estimates of any required software maintenance 


(bp 


Maze after cpera“~ional testing is complete will most likelv 





be Very sor>. However, past experience in the cevelopnen = sz 


Bemputer Systems Can provide a Tough approximation cf sott- 


ware maintenance costs. "The cost of maintaining softwar: 
Mee eStimated to account for 75 percent of 4:1, software 


eee os." [Ref. 50: p. 19] 


Mmmecrhs sc authmer’S Opinion, the Lite cycle trei 


rae 
} i 
Hi 

‘eg 
Q 

CF 

" 

r 


Mme he ACS, Enhanced FD/SC ard FCC would be roughly equiva- 
lent. However, a Significant difrerence between these thre- 
alternatives and BCS emerges. ticewmtasine COnpsS would \Bay= 
Bemeprocure a sufficient number of systems to provide for any 
meme: School training. A comoletely unique «raining predqtan 
would have =o pe developed. 

mereen'gh pro Ccusemene SadS> Of The BCS may cfiset any lik: 
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Memeo <he~ there are most likely differences in the total 
Mee CYCLS costs of the four alternatives. Lite cycle cos 
data would provide the b2st measur of system cost for éz 
cos* effectiveness analysis. Since these data were nether 
available nor could «hey be accurately estimated, vrocure~ 


ment cost was use4«d as a proxy to measure system cost. 


Mhe Canking or alternatives is preserted in Table 


BOA Phe ranking is based on the determination cf 2 
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beet is cost ratio for ths equipment required 9 Support an 


t+illery battary. The benefit is expressed in 
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terms of the combat effectiveness index (CEI). wires .ndex 
was develcped intTable XXIII. The cost is the estimated 


SVStTET prcecurement cost per artillery battery in FY 1984 


bei avts. This cost has been expressed in thousands of 
Gcilars. The ratio cf the combat effectiveness index to the 
estimated procurement cost is used +9 determine the optimal 


(v 


Meecery itevel fire dirasticn computer systen. RNS sees 


t4 


provices the greatest bensfit per dollar of cost. 


CA SE oe 


Ranking of Alternatives 


eee ='e cel Cost (5000) R&=290 
ACS 1245 pal 220 0,0 2ae2 
ee 750 $139.616 no 
ome, Cea FD/SC 1198 S209. 6 16 Sag 
Bes 1066 $339. 860 oe 


The analysis in this thesis 2ssumes unequal benefits 
Peemeumegqual costS for the altsernativss. The benefits were 


euojec=_vely determined and the costs for three of the four 
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alternatives were based on manufacturers' estimates of 


BaocCUrEe ment cost. Base 
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estimated procurement costs, she WES still provid2s the 
largest benefit-cost ratio. 

Since effectiveness was 412termineld subjectively, 
different artiilerymen would most likely determine dirferent 
menais tor the combat @iftectiverness index. If this author's 
determination of he combat ef fectiverass index is assumed 
to be reasonable correc andthe svst<em cost is changed, 
meme ohne Sensitivity of =he aiternatives can be furvher 
examined. The BCS procurement cost is fixed by the FY 1984 


mefiemace OPtiOn. The otre> costs will most probably increase 


) 


as system development progresses. & 19) percant increase in 
the estimated procureméen- cost oF ihe ACS vrovides a 6.11 
Mem@eric-COSt ratio, Therefore, if the ACS procurement cost 


1s assumed to increase by 100 percen* and the estimated 


MemcGremen= costs of ail the cthwer alternatives remain 
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Meemanged, the rankineg ot alterna: 


alternatives 
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bese€d on a 100 percent increase in ‘he procurement cost o 


th 


eeemescS, 2 50 fercent increase Miele | PeecCureM=n=!) COs: oO 
she Enhanced FD/SC and FCC, ard an unchanged BCS procurement 
Beste The ranking of the alternatives remains unchanged. in 
this author's opinion a 100 percent increase in the procure- 


MememcOs= Of the ACS is highly unliksly. The ranking of «he 
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alternatives was not affected by sizeable percentag 


Poche System prccurement cost 
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2xtended combat operations. Simply stated, 


Teaver eny  ituGs Aspect zon Systems are 
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BATTALION COMMANDER'S QUESTIONNAIRE 
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This Appendix presents the questionnaire which was 
forwarded *o all seventean arvilier Battalion Commanders. 
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meso Battery FDCs? 


_u__FADAC 
_4__DHHC, TI-59 


_8 MANUAL SYSTEM (Chart and GFT) 
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BavAC. 
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Waethe- 2s che trameary method of determining firing data in 
memeneiternate Battalion FDI? 
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BIO MAMUAL SISTEM (Char*t and GFT) 
The "Manual Svstem" was the responsé of all five teserve 
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